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FOREWORD

This report describes a radiation transport pfogram which has
evolved over a span of two contracts to its present state. The ini-
tial effort was performed under Contract NAS-6719 for the NASA Manned
Spacecraft Center, Structures and Mechanics Division. This effort
included the basic computational procedures for the radiation proper-
ties and transport models. These were extended and generalized under
the current contract (NAS1-9399) for the NASA Langley Research Center,
Applied Material and Physics Division. On this effort the program
was generalized to include the equilibrium chemistry capability and
interaction with boundary (wall) fluxes. 1In addition, certain revi-
sions were made to the structure of the program to increase computing

speed.
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ABSTRACT

This report describes the use and structure of the RAD/EQUIL
program, a computational procedure for predicting nongrey radiative
fluxes or intensities at any point within a plane-parallel slab (for
the flux calculation) or at any point on a ray (for the intensity
calculation). The program was developed for the study of radiation
heating phenomena in the mass injected, hypersonic boundary layer
environment; however, it is not limited to such studies. The radia-
tive propérties model assumes local thermodynamic equilibrium and
considers the continuun transitions, molécular bands and atomic lines
of the species of the C-H-O-N elemental system. The bandless model
for the molecular bands is the only approximation which is an inte-
gral part of the properties model employed in the program. Other
aspects cf the model can be made to include as much (or little) detail
as desired through changés to the input data or simple modifications
to the program, itself. This allows a wide range of trade-offs to be

made between accuracy and computational effort.
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USER'S MANUAL FOR THE GENERALIZED RADIATION
TRANSFER CODE (RAD/EQUIL)

by William E. Nicolet
Aerotherm Corporation

SECTION 1

INTRODUCTION

This report describes the RAD/EQUIL computer code, a
combination of the radiation transfer code (RAD) and a simpli-
fied version of the Aerotherm Chemical Equilibrium Code (EQUIL).
The motivation for developing the code was to study hypersonic,
mass injected shock layer environments during entry into planet-
ary atmospheres and during reentry from deep space missions;
however, it is not limited to such studies. Indeed, its most

attractive feature is its wversatility.

The C-H-O-N elemental system is considered. This system
is representative of shock layers adjacent to ablating bodies.
Local thermodynamic equilibrium is assumed to exist at all times.
Molecular, atomic and ionic species are all considered with those
which appear in the 3000°K to 15000°K temperature range (.1 to
10 atmospheres, pressure range) being given primary consideration.
A complete description of the properties and transport models has
been given in Ref. 1.

The RAD/EQUIL code requires as input information sufficient.
to describe the spatial distribution of the thermodynamic state.
This information can be obtained in a variety of forms, e.q.,
pressure, temperature, concentrations of base species (or ele-
ments), or enthalpy can replace temperature and/or mole frac-
tions can replace the base species concentrations., Alternatively,

the conditions ahead of an oblique (or normal) shock wave can be
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specified and the program will compute the thermodynamic state dis-
tributions. From these data it calculates the intensities along a
ray; or if the gas is confired in a plane - parallel slab, it can
calculate radiant fluxes directly. If the radiation is to be ob-
served behind a window, frequency dependent transmission factors
are included which can be used to simulate its transmittance. The
wall radiation can also be included and allowed to interact with
the gases.

The following six sections describe the operating aspects
of the code in terms of INPUT, OUTPUT, SAMPLE CASES, OPERATING
PROCEDURES, PROGRAM DESCRIPTION, and A LIST OF FORTRAN VARIABLES.
A listing is available under a separate cover.

-
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SECTION 2

INPUT

The program uses punched cards as the input media. Two data
decks are required, A and B. Deck A contains basic radiation and
spectroscopic data, e.g., f-numbers, line widths and centers, defi-
nition of line groups, energies and statistical weights of levels,
etc. Deck A is not changed unless changes to the basic radiation
model are to be performed; consequently, it is often referred to
as permanent data. Deck B contains case data such as path length,
temperatures, pressures, etc. A complete description of the two
data decks is gi?en in Table 2.1l.

2.1 DATA DECK SETUP

Figure 2.1 shows a typical data deck setup. Permanent data
is always read in first, followed by case data. The first set of
case data must be complete; that is, it must include a setup of
the spatial nodes and the boundary conditions. The following cases
can be rcad, in abbreviated form. Each case starts with a control .
card (KR, Title) and ends with a C4 card. Successive cases are
read in and run until a 1. appears on the C4 card. This terminates
the run.
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TABLE 2.1
INPUT CARDS

DECK A — PERMANENT DATA

Group 1 — Basic Radiation Data

Card 1, Format (40I2)
Field 1, (Columns 1-2), NHV

This is the number of line groups to be included in the
calculation (maximum of 25). A discussion of the judge-~
ments involved in selecting the appropriate number of

line groups is given in the discussion of the FHVM and
FHVP values.

Field 2, (Columns 3-4), NAES

This is the number of atomic and ionic energy levels. Nor-
mally 56 are used to describe the CHON system - 8 levels
each being assigned to C, H, O, N, C+, O+ and N+. Some
lumping of levels is usually required. This is done using
normal gquantum mechanical weighting and a table of energy
levels such as Moore's (Ref. 3).

Field 3, (Columns 5-6), NXI

This is the number of special hydrogen lines for which no
(half) half width data is read in. When the hydrogen lines
are to be included, NXI = 4. Otherwise, it equals zero.
The four lines given special treatment are the Lyman o and
g and the Balmer o and B. Half width information (a GAMP

value) is read in for each of the remaining hydrogen lines.*

The half width information for the Lyman 7y and Paschen o is usecd to
set up the frequency coordinate system only. For the lines which
arc still highor than these, the input (half) half width is used
throughout the transvort calculation.

rp—
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Group 2 — Statistical Weights of Absorbing Levels
Cards 1,2..., Format (6El12.4)
" Pield 1, (Columns 1-12, 13-24, etc.), GEE

These are the statistical weights of the atomic and ionic
levels. For unlumped levels GEE = 2J+1 where J is the
inner quantum number of the level and can be obtained from
tabulations (Ref. 3). For lumped levels, GEE is obtained
by summing the contributions of the individual levels.

Group 3 — Energy Levels

Cards 1,2..., Format (6El2.4)
Field 1, (Columns 1-12, 13-24, etc.), EPS

These are the energies .of the levels (in eV), for unlumped
levels, values can be obtained from tabulations (Ref. 3).
For lumped values the equation

_ D . GEE®EPS

EPS Lumped Y. GEE

is applicable where the summations are taken over all the

levels to be lumped.

Group 4 — Line Group Specification

Cards 1, 2..., N1, Format (6E12.4)
Field 1, (Columns 1-12, 13-24, etc.), FHVM

These are the low frequency boundaries on the line groups.
An FHVM value along with an FHVP value defines a freguency
increment. All the lines with their centers within that
increment define a line group. The continuum properties
and the black body functions are evaluated at only one fre-
quency point for each line group. Therefore, the frequency
boundaries on the line group should not be so wide as to
allow appreciable changes in these quantities. In addition,

contributions to the transport from sources outside the
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boundaries of the line group are not taken into account.
Therefore, the boundaries on a line group should never to
too close to the center of a line within the group.

. Cards N1+1, N1+2...N2, Format (6El2.4)
Field 1, (Columns 1-12, 13-24, etc.), FHVP

These are the high frequency boundaries on the line groups.

Cards N2+1, N2+2...N3, Format (6El2.4)
Field 1, (Columns 1-12, 13-24, etc.), FHV

These are the frequencies at which the continuum properties
and the black body function are evaluated for each line

group. They are usually taken to be roughly midway between

FHVP and FHVM. Thus FHV is often referred to as the "average"

frequency of the line group.

Group 5 — Hydrogen Index (Skip this Group if NXI = 0)

Card 1, Format (40I2)
Field 1 (Columns 1-2, 3-4, etc¢), IA

These are the indices on the line groups which contain the
special hydrogen lines (one per line group, maximum). The
line groups are always numbered sequentially starting with
those at the lowest frequency.

Group 6 — Number of Lines Per Line Group

Card 1, Format (4012)
Field 1, (Columns 1-2, 3-4, etc.), NU

This is the number of lines which are situated within each
line group and which are treated individually. This number
must equal the number of line data cards read in for each
group. Whenever'a line is incorrectly assigned to a line
group the program will stop and write out the message "LINE
CENTER OUT OF GROUP FRLQUENCY RANGE."



Group 7 — Base Data on Line Transitions

Cards 1,2,... No. of Lines, Format (I2, IOX, 2El2.1, 3El2.2)
Field 1, (Columns 1~-2), ND

Each of these is the index on the lower (abosrbing) level
of each line. It identifies the radiating atomic and
ionic species and its level according to the scheme

_ND Species

1 - 8 . N

9 - 16 0
17 - 24 c
25 - 32 H
33 - 40 N+
41 - 48 o+
49 -~ 56 C+

where the indices increase (for each species) with increas-
ing energy of the levels.

Field 2, (Columns 13-24), HVL

Frequency of the center of the line (in eV).

Field 3, (Columns 25-36), FF

This is the f number of the line when the lower level of
the transition is unlumped. When it is lumped

GEE* £

FF = GEE]

lumped

where GEE is the statistical weight of the unlumped lower
level of the transition.

Field 4, (Columns 37-48), GAMP

This is the (half) half width per free electron of each
line due to Stark Broadening, evaluated at lO,OOOOK.
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Field 5, (Columns 49-60), XNOL

Each of these is the number of lines in a given line group
which have identical properties. It iswsed only when the

properties of several lines are to be averaged and trans-

port calculated for the averaged line, then multiplied by

the number of original lines to obtain the total. Only

lines in the low frequency region (less than 5 ev, roughly)
should be averaged in this manner.

Field 6, (Columns 61-72), GUP

Each 6f these is the statistical weight of the upper level
of the line (used in resonance broadening calculation,only).

Group 8 — Frequency Nodes for the Continuum

Card 1, Format (2413)
Field 1, (Columns 1-3) NIHVC

This is the number of continuum frequency points (a maxi-
mum of 50 is allowed). '

Cards 2,3..., Format (6El12.1)
Field 1, (Columns 1-12, 13-24, etc.), FHVC

These are the continuum frequency points which are selected.
Care must be taken to insure that the photoionization edges
in the ultraviolet are adequately resolved.

DECK B — CASE DATA

Group 1 — Control Card and Title

Card 1, (Format (20I1, 15a4)
Field 1, (Columns 1-20) KR

Column 1 - Determines whether intensities or fluxes will
be calculated

0 Calculates intensitiecs

1l Calculates fluxes

-y



Column 2 -

0

Column 3 -

Column 4 -

Column 5 -

-9-

Sets the conditions of the radiating layer.

Allows arbitrary specification of thermodynamic
state across the layer

Allows arbitrary specification of thermodynamicf
state but requires that the layer have uniform
properties

Allows the thermodynamic state to be determined
Erom specified shock wave conditions, but re-
quires that these conditions be uniform across
the radiating layer. (KR(7) and KQ(5) must both
equal 1)

Determines if molecules are to be included in
the calculation

Molecules can be included (see also the NCRC
variable which overrides this control)

Molecules are not included (irrespective of
what NCRC is) ’

Determines how the line contributions are

calculated

Include lines but allow weak lines to be treated

approximately
Include lines in full detail

Exclude lines

Determines the optical conditions of the wall
Requires a cold, black wall

Requires a black wall but allows it an arbitrary

temperature

Allows a wall with an arbitrarily specified

temperature, emittance and/or transmittance.
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Column 6 - Specifies the type of flux (or intensity)

Column 7 =~

Column 8 =

Column 9 -

Column 10 -

calculated at NICN(1l) - The surface node

Incident flux (or intensity)
Flux (or intensity) transmitted through
the surface

Determines how the thermodynamic state
conditions of the radiating species are

obtained

Uses the resident values

Performs chemistry calculation

Reads in mole fractions, temperature and
pressures

Determines whether frequency or wave length

is used in output

Uses frequency, hv (eV)
Uses wavelength, X (3)

Determines if the program is to check the

validity of the continuum frequency grid.

The grid is checked - use for energy transfer
calculations
The grid is not checked - use when only a

selected part of the spectrum is of interest

Determines where the program obtains (1) norm-
alized spatial nodes, (2) index on spatial nodes
to determine where fluxes or intensities are to
be calculated and (3) the optical properties of
the wall

Uses resident values

Reads in new values

T

- —
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Columr. 11 - Determines which radiation subroutines are to

Column 12 -

Column 13 -

Column
Column

Column

Column

0
1

14
15
16

17

be used.

- Uses standard radiation package (best for most

calculations)

Uses accelerated radiation package (this pack=-

age is much faster and should be used if the

'RAD/EQUIL program is to be used as a subroutine)

Determines if the chémistry input package is
to be read

Read in new data for element and molecular,
atomic, and ionic species ~ input data will
not appear in output

Use resident elemental and species data

Same as KR (12) = 0 except that data will
appear in output

Determines where program obtains optical path
length

Reads it in

"Takes it equal to the stand off distance of

the bow shock of a sphere (the spherical
radius (in CM) is read in))

Same as KR(13) = 1 except that the spherical
radius is in feet ‘

Not used

Determines the amount of radiative output
Normal radiative output

Extensive radiative output



-12-

Column 18 ~ Determines chemistry debug output

0 None

1 Dumps chemistry iterations
- Column 19 Not used
' Column 20

"Field 2, (Columns 21-80), CASE

This is the title of the case (alphanumeric) used for
identification of printed output.

Group 2 - Chemistry Control Card (Skip this group if XKR(7) = 0)

Card 1, Format (20I1, 5E10.3)
Field 1, (Columns 1-10) KQ

Column 1 - Determines which variables are used to

specify the thermodynamic state

0 Temperature
1 Do not use this value
2 Enthalpy

Column 2 - Determines if chemistry package is to be
read in (see KR(12), also)

0 Use resident data

1 Read in new data

. Column 3 ~ Must be the same as Column 2

Column 4 - Not used

Column 5 - Determines if shock wave option is to be

utlized
0 It is not utilized
1 A shock wave solution will be calculated

Colunnis 6-20 - Do not use

P sy
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Field 2, (columns 21-30), THETA o

This is the angle of the shock wave. An entry here has
meaning only when the shock wave option is to be used.
This is also true for the next three fields.

Field 3, (Columns 31-40), SVl

This is the velocity (ft/sec) upstream of the shock wave.
Field 4, (Columns 41-50) SP1l

This is the pres;ure (atm) upstream of the shock wave.
Field 5, (Coclumns 51-60) SR1l .

This is the density (1lb/ft3) upstream of the shock wave.
Field 6, (Columns 61-70), HS

This is the enthalpy (Btu/lb) upstream of the shock wave.

Group 3 - Chemistry Input (Skip this if KR(7) # 1 or KR(12) = 1)

Card 1, Format (I3,F7.0)
Field 1, (Columns 1-3), IS

Number of elements in the system including electrons if
considered.

Cards 2,3...,IS, {(One for each element, see Card 1, Field 1 of
this group), Format I3, 3A4, 4F10.5)

Field 1, (Columns 1-3), KAT(K)

Atomic number of element (99 for electron), cards must be -
ordered with this number ascending with electron last {when

considered)

Field 2, (Columns 4-15) ATA(K), ATB(K), ATC(X)

Name of element (used for output only). For best looking
output, elements with 3 or 4 letters (e.g., iron) should
start in Column 6, elements with 5, 6, or 7 letters (e.qg.,
carbon) should start in Column 5, and elements with 8 or

more letters (e.g., nitrogen) should start in Column 4.
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Field 3, (Columns 16-25), WAT(K)

Atomic weight of element.

Group 4 — Thermodynamic Data (Skip this if KR(17)#1 or KR(12)=1)

There are three cards for each molecular, atomic, condensed,
or ionic species. A total of 60 species of all types
are allowed. The number of allowable condensed-phase mate-
rials is (12-IS). A blank card after the last set-concludes
the thermodynamic data. The arrangement of these cards sets
is of consequence in so far as it determines the base spe-
cies upon which mass balances are performed, the first in-
dependent set of base species being selected. Singular
matrices can result from certain sets of theoretically-
acceptable base species due to round-off errors. Further-
more, mass balances, etc. for the (NSP)th base species 1is
obtained by difference. Therefore, the element represented
by this base species should be presént in appreciable gquan-
tities. For example, for air, molecular nitrogen is a good
choice for the (NSP)TH base species. Except for these con-
siderations, atomic, molecular, and condensed species can
be arranged in any order. When ionized flows are consid-
ered, the atomic, molecular, and condensed species data
must appear first and be followed by, first, electron spe-
cies data, and then the ionic species data (which can be in
any order). The data format accepted by the program (de-
scribed below) are as generated by the Aerotherm TCDATA
program and are the same as that used in NAVWEPS Report
7043. Thermochemical data decks have been generated for

~about 600 species, based mostly on curve fits of JANAF data.

‘cards 1, 4, 7,..., One for each molecule, Format (7(F3.0, I3),

30X,

2A4

Fields 1, 3, 5,..., One for each element in molecule (Columns
1-3, 7-9, 13-15,...), ALPT(N) in each field

Number of atoms (of atomic number given in subsequent field
in a molecule of this spccies. If field one is zero this

card is presumed to be end of thermodynamic data.
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Fields 2,4,6,..., One for each elerment in molecule, (Columns

Atomic numbers of elements in molecules (listed in ascend-

ing sequence).
Last Field, (Columns 73-80)
Molecular designation (e.g., SI02) for output

Cards 2,5,8,..., One for each molecule, Format (6E9.6, 6X, F6.0,
Il)

Field 1, (Columns 1-9), RA(J)

Heat of formation of_molecule at 298°K from JANAF base

state (elements in most natural form at 298°K), cal/mole.

Fields 2-6, (Columns 10-18, 19-27, 28-36, 37-45, and 46-54),
CH(J,1), RC(J,1), RD(j,1), RE(j,1), RF(J,1)

Constants appropriate to lower temperature range of therm-~
dynamic data. Taking F2, F3,..., as Fields 2, 3, etc., the
curve fits are as follows with T in oK, H in cal/mole, and
S in cal/mole k. '

Heat capacity, CP = F3 + F4* T + F5/T**2

Enthalpy, H — H298 = F2 + F3* (T - 3000) + 0.5*%F4%
(T**%2 - 3000%*2) - F5*%(1/T - 1/3000)

Entropy, S = F6 + F3*LN(T/3000) + F4* (T - 3000)

- 0.5*F5% (1/T**2 - 1/3000%*2)

Field 7, (Columns 61-66), TU(J,1l)

Upper limit of lower temperature range in °k. (For
condensed-phase materials which melt, it is appropriate
to use melt temperatures).

Field 8, (Column 67), KPHA(1l)
1l signifies gaseous species
2 signifies solid species

3 signifies liquid species



~16-

cards 3,6,9,..., One for each molecule, Format (6E9.6, 6X,
F6.0, Il)

Fields 1-8, (Columns 1-67)

Same as Cards 2,5,8,..., except use constants for upper
temperature range and Field 7 is ignored.

Last Card - A blank card is used to signify end of thermodynamic
data.

Group 5 — Nodal Input and Surface Properties
(Skip this group if KRQO0) # 1)

Card 1, Format (24I3)
Field 1, (Columns 1-3), NIC

This is the number of.spatial stations at which transport
is to be calculated. This number must be equal to or less

than 7. (20 for updimensioned versions)

Card 2, Format (2413)

These are the indices on the spatial stations where trans-
port is to be calculated. The nodal points usually start
with 1 at the wall and increase away from the wall.

Card 3, Format (5I3)
Field 1, (Columns 1-3), NY

This is the number of spatial nodes used to describe the
slab (or ray). It must be egual to or less than 10. (20
for updimensional versions).

Field 2, (Columns 4-6), NI

This is the index on the spatial point at which the line
frequency coordinate system is to be evaluated. For a
layer in which the elemental composition does not vary
greatly, use the high temperature boundary. When the
elemental concentration does vary significantly, select
a point where the temperaturcs are the highest but all

the elements are still present.
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Cards 4,_,}N5, Format (6E12.4)
‘Field 1, (Columns 1-12, 13-24,...), (Y¥(I), I=1,NY)

This is the sourmalized distance to each spatial station
from the wall. Select these so that the thermodynamic

variation of the slab (or ray) is well described.

Cards N5+1, N5+2,...,N6, Format (6E1l2.1l)
Field 1, (Columns 1-12, 13-24,...), AHV

These are the absorptances or emittances of the wall - one

for each continuum frequency point.
Cards N6+1, N6+2,...,N7, Format (6E12.1)
Field l, (Columns 1-12, 13-24,...), AHVL

These are the absorptances or emittances of the wall - one

for each line group center frequency.
Cards N7+1, N7+2,...,N8, Format (6El2.1)
Field 1, (Columns 1-12, 13-24,...), TMSW

Continuum trénsmittances of the wall - one for each con-

tinuum frequency point
Cards N8+1, N8+2,...,N9, Format (6E1l2.1)
Field 1, (Columns 1-12, 13-24,...), TMSWL

Line group transmittances of the wall - one for each line

group center frequency.

Group 6 — Uniform conditions input

(Skip this group if KR(2) = 0)
Card 1, Format (6El2.8)

Field 1, (Columns 1-12), DELTA

i

If KR(13) 0, DELTA is the radiation path length (CM).
If KR(13)

(cM). If KR(13) = 2, DELTA is the same as for KR(13) =1,

1, DELTA is the radius of a spherical body

except that it is in feet.
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------------ Skip Fields 2 and 3 if KR(7) = 0 ~————cemeemmen

" Field 2, (Columns 13-24), PRES(1)

This is the pressure (atm)

Field 3, (Columns 25-36), TEE(1)

If RKQ(l) = 0, TEE is the temperature (°K). If XKQ(1) = 2,
~ TEE is the enthalpy (Btu/lb). TEE is a first guess tempera-
ture (°K) for shock wave solutions. (KQ(5) = 1)

Card 2, Format (6El2.8)
Field 1, (Columns 1-12), TW

The temperature (°K) which is used to calculate the emis-
sion from the wall. '

Card 3, Format (24I13)
Field 1, (Columns 1-3, 4-6,...), NCRC

These values determine which continuum contributions are to
be included in the absorption coefficients and which are not.
When NCRC(I) = 1, the source is included; when NCRC(I) = 0,
it is not included. The following scheme is used to relate

NCRC(I) values to the sources.

I Source
_l Nitrogen High Line Series
2 Oxygen High Line Series
3 N; (1- ) Band System
4 N~ Photodetachment
5 H Photodetachment
6 0~ Photodetachment
7 NO Band Systems and Photoioniiatiqn
8 N -Atomic Photoionization
9 O Atomic Photoionization

10 N+ Photoionization
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11 0, Band Systems and Photodissociation
12 N, Band Systems
13 CO Band Systems
14 H, Band Systems and Photoionization
15 C2 Band Systemé
16 CN Band Systems
17 C Atomic Photoionization
18 ct Photoionizatién
19 H Photoionizatiﬁn
20 ¢~ Photodetachment
———————————————— If KR(7) # 1 Skip the Next Card--——=-———======"==""

Card 4, Format (8E10.3)

Field 1, (Columns 1-10, 11-20, etc.), (SP(I), I =1, ISM)

These are the mass fractions of the base species. They

are read in the same order that the species were read in

the chemistry input (Group 3).

cards 5,6,...,N10, Format (6E12.8)

Field 1, (Columns 1-12, 13-24, etc.), (r2t{J,1), J =1,15)

These are the mole fractions of the radiating species.

Species must always be read in, in the following oxder:

4

o*, o, v, §, £, 0y, N,, CO, Hy, Cp, CN, C, C", H, NO.
The program will automatically obtained the mole fractions
of the species N;, N, 0, C, and H .
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Group 7 — Nonuniform Conditions Input
(Skip this group if KR(2) # 0)

Card 1, Format (lE1l2. )
Field 1, (Columns 1-12), DELTA

This is the radiation path length (CM).

———————————— Skip the next two card sets if KR((7) = 0---=-=—=-—--

cards 2,...,N11, Format (6E12.8)
Field 1, (Columns 1-12, 13-24, etc.) (PRES(I), I = 1, NY)

These are the pressures (atm) at each spatial node.

Cards N11l+1,...,N1l2, Format‘(6E12.4)
Field 1, (Columns 1-12, 13-24, etc),(TEE(I), I = 1, NY)
If KQ(1l) = 0, these are the temperaéures (°K)'at each
node. If KQ(l) = 2, they gre the enthalpies (Btu/lb).
Card N12+1, Format (6El2.4)
Field 1, (Columns 1-12), TW

This guantity was described previously in Group 6.

Card N12+2, Format (2413), NCRC

This quantity was also described in Group 5.

Cards ﬁ12+3,...Nl3, Format (8E10.3)

Fields 4, (Columns 1-10, 11-20, etc.) DO - I = 1, NY;
(sp(1, 1, J), 3 = 1, ISM)

These are the mass fractions of the base species at each
spatial node (I). The ordering of the species must be

the same as the ordering the species data were read in,
in Group 3.




-21-

Cards N13+l,...,N14, Format (6E12.4)

Field 1, (Columns 1-12, 13-24, etc.) ((FR(J,I), I = 1,NY)

J =1,15)
These are the mole fractions of the radiating species at
each spatial node (I). The ordering of the species was

discussed in Group 3.

Group 8 — Termination of Run

Card'l, Format (6E12.4)
Field 1, (Columns 1-12), C4

If C4 = 0, begin reading in a new case starting with Group

1 of Deck B. If C4 = 1., stop calculations.
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SECTION 3 i

OoUTPUT

3.1 NORMAL OUTPUT

For a given case, the normal output consists of five sets
of data, each approximately one page in length. The first set
summarizes the permanent data deck being used. The seccnd set
gives the radiation and chemistry control numbers and defines
the radiative boundary conditions for the case being run. The
third set defines the spatial variations of the thermodynamic
state properties. The fourth set gives the results of the con-
tinuum transport calculations, and the fifth gives the results of
the line transport calculations. When more than one case is cal-
culated in a given run, the first set of data is printed out for
the first case only. The other four sets are printed out for

each case.

The first set of data is given the title "TABLE II."™ Ten
columns of data are printed out under the following headings:
GROUP, HV, HV+, HV-, N, K(I), HV(J), F(I), GAM(I), NOL(I).

The first five columns define the properties of the line groups;
the second five define the properties of the lines within each
line group. These variables are the same as the input wvariables,
although slightly different terminology is used. In terms of
input variables the headings are the following:

LINE

GROUP
INDEX, FHV, FHVP, FHVM, NU, ND, HVL, FF, GAMP, XNOL

which were defined in Section 2.

The second set of data is titled "CASE ~ XXXX" wliere
(XX is the case title which was read in on the first card of

Deck B. The radiation control numbers (KR(I )) and the chemistry
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control numbers (KQ (I )) are given which describe the case. These
are followed by the "RADIATIVE BOUNDARY CONDITIONS" given in terms
of the emittance. and transmittance of the wall and the outer boun-

dary and as a function of both the continuum and line group frequen-

cies (corresponding wave lengths are also given).

The third set of data is always given the title "TABLE 1."

In the second row of the title, an S station is identified. This is

for the identification of the case only and has no physical meaning.

The third row in the title gives the overall thickness of the slab
(or length of the ray) in centimeters. The other data printed out
include the following: the normalized path lengths, temperatures
(OK), pressures (atm), enthalpies (Btu/lb), mean molecular weight,
mole fractions of the radiating species (dimensionless), and the

number densities of the radiating species (particles/cm?®).

The fourth and f£fifth sets of data have output formats which

are dependent upon the version of the radiative programs being uti
lized. The output for the standard programs (KR(1l) = 0) is dis-
cussed in Section 3.1.1 and that of the accelerated programs
(KR(11) = 1) in Section 3.1.2.

3.1.1 Output of Standard'SUbroutines

The fourth set of data is given either the title "CONTINUUM
CONTRIBUTION TO THE SPECTRAL FLUX" or "CONTINUUM CONTRIBUTION TO
THE SPECTRAL INTENSITY" depending on the type of calculation being
performed. The second row of the title gives the normalized spa-
tial station specifieéd for the transport calculation. The spectral
points used for the continuum calculation are given in the first
column. The next three columns give the continuum transport guan-
tities in the negative direction (away from the wall). The spec-
tral fluxes (or intensities) are given first; then the integral of
the spectral flux (or intensity) over frequency is given as a
function of frequency (each entry represents the integral from
the first frequency point to the current frequency point); finally,
the third column gives the same information as the sccond, except

that its entries are normalized against the final value of the

I

[A——— |
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integral. The information given in the last three columns is the
same as in the three just described, except that the transport
‘quantities in the positive direction are considered. When

KR(8) = 1, the spectral quantities are presented as functions

of wavelength instead of frequency.

The last set of data gives the results of the line calcula-
tion. It is given a title "TABLE X" where X equals the number of
line groups plus three. The second row of the title identifies
the‘S station number (for identification only - as before) and the
spatial station specified for the transport calculation. Four
columns of data are given. The indicies on the line groups are:
given in the first column. The "average" frequency of each group
is given in the second column. The corrections to be added to
the total flux (or intensity) to account for line effects are
given in the third column (negative direction) and the fourth
column (positive direction). The total corrections (sums over all
line groups) are given at the bottom of the page. Again, wave-

" length variables instead of frequency variables are used when
XR(8) = 1.

3.1.2  Output of Accelerated Subprograms

The fourth set of data is given either the title "CONTINUUM °
CONTRIBUTION TO THE SPECTRAL FLUX" or "CONTINUUM CONTRIBUTION TO
THE SPECTRAL INTENSITY" depending on the type of calculation being
performed. The next row gives the normalized distances to the
nodes where the transport integrals were evaluated. The first
column gives the nodal points in frequency used in the continuum
calculation. When the transport integrals are to be evaluated at
6 points or less (NIC < 6), the next 2 times NIC columns represent
Fv_ and Fv+ (or Iv~ and Iv+) given alternately, one qombination for
each ncde at which the transport integrals were evaluated. When
NIC > 6, there are two rows of output for each continuum frequency
point. The top row is Fv_ (ox Iv—) and the bottom row (which is
slichtly displaced to the right) is Fv+ (or Iv+)' Frequency inte-
grated values are given at the bottom of the page for the NIC

spatial nodes being considered.
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The fifth set of data is given the title "LINE RADIATION".
The next row-gives the normalized distances to the nodes where
the transport integrals were evaluated. The first column gives
the index on the line group being considered. The next column
gives the center frequency of the line group. Two rows of out-
put are then given for each line group. The first row gives the
line correction (FvL or IvL - see Equation 66 of Ref. 1) inte-
grated over the frequency increment of the line group and in the
negative direction. The second line is displaced slightly to
the right and gives the corresponding value in the positive dir-
ection. The total line correction to the directional fluxes are
given at the bottom of the page.

3.2 EXTENSIVE OUTPUT (STANDARD SUBPROGRAMS, ONLY)

For a given case the extensive output consists of seven sets
of data, five of which are approximately one page in length. The
other two sets can be very extensive. The first, second, fifth
and seventh sets are identical (respectively) to.the first, second,
fourth and fifth sets of data which are printed out with the normal
output option. The third set includes a s¢t of electronic partition
functions (as calculated by the code); otherwise, it is identical to

the third set of data printed out with the normal output option.

The fourth set of data gives additional details about the
continuum transport calculation. For each frequency point, values
of B, FMU and TAU are printed out as a function of the spatial
nodes. The function.B is the black body emissive power for a flux
calculation, the Planck function for an intensity calculation.

The other two quantities are the absoxrption coefficients (1/cm)
and the optical depths, respectively.

The sixth set of data gives additional details about the
line group and the line transport calculation. For each line
group the continuum absorption coefficients and the appropriate
back body function at the "average" frequency of the line group
are given as a function of the spatial points. The positive and

negative continuum fluxes (or intensities) are given at the
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spatial station gspecified for the transport calculation. At each
of the frequéncy points within the line group (frequency interval),
the total (line + continuum) absorption coefficients and optical
depths are given as a function of the spatial points. The spectral
flux (or intensity) is also given (at the one proper spatial point).
An integral over the line group is then given. Finally, the quan-.
tity CFIL (the distance in frequency space covered by lines) is |
given for the line group. In terms of these variables the correc-

- tion to. the continuum transport to account for line effects is

line correction = total flux (intensity) - spectral
- continuum flux (intensity) *CFIL

and is printed out for each line group in the last set of data.
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SECTION 4

SAMPLE CASES

Two sample cases are presented. In the first case, the
radiative flux at the wall is obtained. The source is a plane
parallel slab of air 1 cm thick at 14000°K and .1 atmosphere
pressure. The data deck is shown in Figure 4.1. The five sets
of output data for normal output are shown in Figures 4.2 to
4.6 and the additional sets for extensive output in Figures 4.7
and 4.8. In the second case, the flux at a boundary of a non-
isothermal, plane parallel slab is obtained. Transport from
the full C02—N2 system is allowed. The data deck is shown in
Figure 4.9. The five sets of data for normal output are shown
in Figures 4.10 to 4.14. '

Py

[—

J—

S

a0 Bl feed b

”
[——

—d



-29=

.——

- . Figure 4.1 Input Deck

[

2056 . .
0.40 - +0] 0.10 +02 0.60 +01 N.1R 402 0.54 +02 0.90 +02
0.00 +00 0.00 +00 0.30 +0} 0.50 +01 0.10 +0} 0.50 +01
0.30 +01 1.50 +01 D.90 - +01 0.40 +02 0,90 +01 0.50 +01
0.10 01 0.50 +01 N.12 +02 0.15 +02 Ne36 +02 0.00 00
0.20 +01 0.80 +01 0.1R «N2 0,32 +0?2 0,00 +00 0.00 +00
0.00 +00 0.00 s0n0 0.90 +01 0.00 +00 0.00 +00 0,00 +00
Nn.00 +00 0.00 +00 0.00 +00 0.00 +00 N.40 +01 0.00 +00
0.00 +00 0.00 +00 0.00 +00 0.00 +00 0.00 +00 0,00 +00
0.60 +01 0.00 +00 0.00 +00 0.00 +00 D.00 +00 0.00 +00
0.00 <00 0.00 +00 0.00 400 0,00 +00 0,00 +00 0.00 +00
0.00 +00 0.23844+0] 0.3576+01 0.1045+02 0.1138+02 0.1300+02
0.00 +00 0,00 +00 N.96 =02 0.1967+01 0,6139+01  0.9144401
0.9516+01 0.10746+02 0.1099+02 0,1208+02 0,00 +00 1.2639+00
2.6839400 4,1825+00 7.5351+00 7.9461+00 Re6662400 0.00 +00
~0.00 . «00 0.1020+02 0.,1208+02 0.1274+02 0,00 +00 0.00 +00
0.60 +00 0.85 +00 0.96 +00 0.12 +01 0.14 +01 0.162 +01
0.24 +01 0.34 401 0.62 +01 0.80 +01 0.86 +01 0.90 +01
0,97  +01 0.1045+02 0.1080+02 0.,1170+07 0.1210+02 0.1280+02
0.1340+02 0.13R9+02 N.00 +00 0.00 +00 N.00 +00 0.00 00
0.80 +00 0.95 +00 0.12  +01 D.14 +01 N.16 +01 0.24 401
" 0.,3340+01 0.40 +01 0.80 +n1 0.86 +01 N.50 +01 0.97 01
0.1G45+402 0.1080+02 3.1170+02 0.1210+02 0.1280+02 Gel340+02
 0.13R80+02 0.14504+02 N.00 +00 0.00 +00 0.00 +00 0.00 +00
0.69 +00 0,89 +00 0.1080+01 0.1290+01 0.1460+01 0e1850+01
0,.2850+01 0.,3700+01 0.7110+01 0.8302+01 0.8781+01 0.94 +01
0,1007+02 0.1062+02 0.1120+02 0.11904+02 Ne1241402 0.1304402
0.1358+02 0.1420+02 o + . , . + « =+
345 4443211145677 733¢06
16 0.6P5 0.196 110F-21 6.
6 n.689 0.1597 1B7F~20 6.
S 0.752% 0.0149 446E-21
5 0.875 0.0366 380F-21 4.
15 0.8840 0.1570 367€-21
4 0.9158 0.00847 739F-22
6 0.930¢4 0.0253 387E-20 2.
6 0.965 N.026? 387F-20 4.
16 0.991 0.0805 309F-20 2,
S 1.0355 0.0735 331F-21 7.
15 1.0980 0.76490 C344F-21
14 1.1320 0.2010 367F-21
5. 1.2610 0.118 312e-21 3.
4 1.3190 0.1033 9R4F-22
4 1.3380 0.9130 342F~21
5 13677 0.0387 292F-21
4 1.4380 0.756h R2LE-22 3.
13 1.4470 0.9500 RESF =272
5 1.5527 0.0030 293F-2n
12 1.594 1.0100 709F~22
4 1.6430 0.0023 95 RF ~27P
15 1.7A7 0.0276 2715F-20 13,
5 1.8357 0.N0566 293r-20 5.
14 2.01% NG L) PT5E-20 3.
4 ?2.925 n.n07n 104F =20 3,
13 3.0 0.010 - R10F =21 2.
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Figure 4.1 (continued)

Q.000826

0.00861
0.0143
0.0A34
0.0740
0.043S
0.0166
0.01196
0.0360
0.0471
0.N890
0.0374
0.1510
0.1840
0.0725
0.0187
0.0131

0.0533

0.n0819
0.00518
0.1200
0.4540
0.n18as5
0.0200
0.0418

0.0254
0.7260

0.,0250
0.0220
0.00n49
0.0199
0.0091
0.0n575
0.0269
0.0218
0.0019
0.0156
0.0461
0.0574
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0.0775

. 0400524

0.0230
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0.N489
0.0291
0.1610
0.0957
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0.0342
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0.0138
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- o Figure 4.1 (concluded) -
002007 o ' JANAF 3/61 N2
0+0 224490+5 6R9313+1 856410-3-214051+5 63872042 300. 2000.1  0.N?
\ 040 22165445 ARI191+1 595750~4-140025+7 637653+2 2000. S5000.1  0.N2
2008 . JANAF 03751 02

000000-0 234460+5 804370+1 510872-~3-152718+6 679739+2 500. 3000.1 0.02
000000~0 234460+5 103071+2 290991~-4-783075+7 679739+2 3000, 5000.1 0.02
1007 JANAF 03/51 N
112065+6 134370+5 486944+1 3835164 95R440+5 4R090N+2 S00, 3000.1 0N
1129A5+6 134370+5 42R957+1 240844-3-417273+6 4AN90N0+2 3000. 5000.1 0N
1007 01 08 JANAF 06/673 :
215800+5 22700045 877623+1 .R99031-4-789656+6K 6R8497+2 S00. 3000.1 0.NO
215R00+5 227000+5 916260+1 657885-5-212519+7 6A%450+2 3000, S5000,.1 0.NO
1008 JANAF 06/52 0
595590+S 135220+5 497278+]1 380768-5 154749+5 500960+2 S500. 3000.1 =
595590+5 135220+5 6574R89+¢1-2242568-3~801782+7 SN09A%+2 3000, 5000.1 0.0

1 99 CONVAIR 7PH~122 12/61 E~
+149010+5+449885]1+1-272800-5-135900+6+164558+22000. 10000.1 E-.
+149010+5+498851+1-272800-5~135G00+6+164558422000, 10000,.1 E-

. 1 7 -1 69 CONVAIRP 7PH=-122 12761 N+
T +4466414+464151310+454¢501751+414617100-~4-184)00+7+496847+22000. 10000.1 N+
+46466461+6+415131045+4501751+1+617100-4-184100+47+496847+22000, 10000.1 - N
1 7 1 8 -1 99 CONVAIR ZPH-122 12/61 ' NO+
+232919+6+4241970+5+91021641+277400-4-316600+7+654379+22000, 10000,.1 NO+
 4232919+6+4241970+5+4910216+1+277400-4~316600+7+654379+22000, 10000.1 ~  NO+
1 8 -1 99 . o CONVAIR ZPH=-122 12/861 0+
4371999+6+1469290+5+336271+1+4306710-3+590200+7+434849+22000. 10060.1 O+
#371999+6+4149290+5+336271+1+306710-3+590200+7+434849+22000, 10000.1 0+
1
|
10 6

0.0000E+00 4.7192E-03 1.1B26E-02 2.3679E-02 4.7192E-02 9.4838E-02
2.1139E-01 4.7426E-01 7.3713E-01 10.0000E-0}) .

l. o1 14000,
1 1 1 1 1 1-1 1 11 11 11 11T 11 11 1 1 11
« 7650 «2350 '

1.0
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11
12
13

1a

15

14

17

1R

19

20

14
«/90

«890

1.040

1.290

1.4640

1.850

?.850

3.700

7.110
2,302
2,781
G.400

10,070

10.520

11.200

11.900

12.410

11360

11.580

14,200

"ye
«2NH

959

1.290

1.400

_ 1.600

24600

3.360
4,000
R.00
B.ANC

9,000
9.700

10.450

10.800

11.700

12.100

12.R00

13.400

ta.mnp

V&4 Q00

Figure 4.2

HY -
«600

«AS0

«960

l‘?oo
1.400

1.620

2.400

3.400

6.200
8.000
B.600
9.000

9.700

10,450

10.800

11.700

12.100

12.R00
13.400

13.R00

Printout of Data
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« 753
«B75
<R84
«916
«930
«965
«991
1.035
1.098
1.132
1.261
1.319
1.338
1.368
1.438
1.467
1.553
1.594
1.663
1.767
1.836
2.015
2.925
3.000
3.167
3.472
3.711
7.111
8.302
g.7a81
9.301
9.394
9.460
9,501
9.973
10.102
10.182
10.332
10.418
10.493
10.585
10.619
10.682
10.757
10.761
10.927
11.007
11.200
11.293
11.310
11.424
11.609
11.776
11.R06
11.852
11.874
11.648
12.000
12.067
12.160
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'Figure 4.7 Extensive Continuum Output
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Figure 4.9 1Input Deck (Second Case)
2056 4
0.50 +01 0.10 +02 .60 +01 0.18 +02 0.54 +02 0.90 +02
0.00 +00 0.00 +00 N.90 +01 0.50 +01 0.10 +01 0.50 +01
0.30 01 1.50 +01 0.90 +01 N.40 +02 0.50 +01 0.50 «+01
0.10 +01 0.60 0] 0.12 +02 0.15 +02 0.36 +02 0.00 +00
0.20 +01 0.R0 +01 - 0,13 +02 0.32 +02 0.00 +CO 0.00 +00
0.00 +00 0.00 +00 0.90 +01 0.00 +00 0.00 +00 0.00 +00
0.00 +00 0.00 +00 0.00 +00 0.00 +00 0.40 +0] 0.00 +00
0.00 +00 0.00 +00 0.00 +00 0.00 +00 0,00 +00 0.00 +00
0.0 +01 0.00 +00 0,00 +00 0.00 +00 0.00 <00 0.00 +00
0.00 +0Q0 0.00 +00 0,00 +00 0.00 +00 N0.00 +00 . 0,00 +00
0.00 +00 0.2384401 0.3576+01 0.1045+02 N0.1188+02 0.1300+02
0.00 00 0.00 +00 N0.96 =02 0.1967+01 0.4189+01 0.9146+01
0.9519+01 0.1074+02 0.1099+02 0.1203+:02 0.00 +00 1.2639+00
2.6839+N0 4.1825+00 7.5351+00 7.9461+00 B.6442+00 0.00 +00
0.00. +00 0.1020+02 0.1208+02 0.1274402 0.00 +00 0.00 +00
0.60 +00 0.81 +00 " 0.96 +n0 N.12 +01 0.14 +01 0.162 +01
0.24 +01 0.34 +01 0.40 +01 0.62 +01 0.R0  +01 0.90 +01
0.97 +01 0.1045+02 0.1080+02 0.1170+02 0.1210+02 0.1280+02
0.13404+02 0.13R0:+02 0.00 +00 0.00 +00 0,00 «00 0.00 +00
0.20 +00 0.95 +00 0.12 +01 0.14 +01 0.16 +01  0.24 +01
0.3500+01 0.40 +Q) 0.60 +01 N.80 +01 0.90 +01 0.97 +01
0.1045+02 0.1080+02 0.1170+02 0.1210+02 0.12R0+02 0.1340+02
"0.1380+02 0.1450+072 0.00 +00 0,00 +09 0.00 +00 0.00 +00
0.69 +00 0.89 +00 0.1050+01 0,1290+01 0.1460+01 0.1850+01
0.2850+0] 0.3700+01 0.5900+01. 0.,7110+01 0.8400+01 0.94 +01
0.1007+02 0.,1062+02 0.1120+02 0.1190+02 0.1241+02 0.1304+02
0.1358+02 0.,1420+02 . + . ) * . + ‘e - +
6 71316 :
6 6 B65 6511 8l01212 712 89 4 4 4
27 0.660 0.8421 S.67E -20
16 0.685 0.196 110F-21 6.
22 N.6859 0.044 321F-21 3.
6 0.6R9 0.1597 187E-20 6.
23 0.710 0.208 A3QF-17 4,
5 . 0.7525 0.0149 ! L4AF-21
22 0.844 0,.0808 412E-21 3.
21 ) N.8%2 00687 10RE-21
5 : N.875 0.0366 3R80F-21 4.
15 . 0.8840 0.1570 367F-21 :
4 N.915A4 0.00R47 739F-22
6 06,9304 0.0753 3R7E-20 2.
6 - N.965 0.02A2 3R7F-20 4,
16 0.991 0.0R0S 309F-20 2.
23 1.019 0.N329 205E-19 4,
S 1.01355 0.0735 331e-21 7.
22 1.079 Nn.1003 320£-21 8.
15 1.09A0 0.76490 - 344F =21
14 1.1320 0.2010 367E-21
21 1.1¢3 N.674 10RF-21
22 1226 0.0245 26zt-21
5 1.2610 0D.11% 312E-21 3.
4 1a3190 n.1#33 QKGE-22
21 » l.17(\ 0.7”’v ]3HF"?‘ 3.
14 1.3380 N.9120) JaF-21
5 }.3677 n.n387 297F=-21



1.4380
1.4670

1.487
1.5527
1.594

" 16630
1.767
1.814
1.8357
1.888

72.015

2.549

2.925
3.0
3.167

3.4724

3.7110
5.002
6424
7.013
7.078

07.111
7«481
T717
T.721
7.947
B.030
8.191
8.203
Re302

08.3021
B.3A8

B.377
R.433
Ra74

08,781
9.137
9.141

09.301
9,332

09.394
9.450

0G.460

9.5010
g.611
g.6273
Q9,697
Q,.6QR
Q9.70Q
Q.722
Q.797
Q.834

09,973

l10.102

1n.1Rr?

1n. 1946

10,332

1n.40)

10.4C5
1n,41R

10,493

1n.545

10.619

10,602

In,714

10,757

0.7506
0.9500

0.0405

0.0030
1.0300
0.0923
0.0226
- 0.0039
0.00566
0.6407
0,0258
0.11683
0.0070
0.010

0.00R26

0.00861
0.0143
0.0676
0.07290 -
0.01410
0.N748
0.0A34
0.105
0.00534
0.0367
0.283
0.0n457
0.0116,
0.00147
0.00R831
0.0740
Na.011 )
0.00501
0.0142
0.0A25
0.N0435
0.00526
0.N362
0.0166
0.203
0.0119
0.0721A
0.03:0
00471
0.0114
0.001473
0.61950
0.n038
0.0767
p.00nRr1
N.00488
N.026
0.,08390
0.0374
0.1510
Ne&lh?
0.1R40
0.N00719
0.04G65
0.0225
D.01R7
N.0N1231
0.N533
n,nnp19
0.N298
N, NNE1A
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L Meur =22

R6SE-22
21RE-21
293E-20
709€£-22
958F.-22
215F =20
3S50F~-20
293E-20

27SE-20

10AE-20
RINF=-21
520¢F-21
452F =20
110E-20

- 113E-21

113e-21
S00F-21
262E-21
912£-22
873£-22
220F =20
109€-19
2NRE=-22
690E~-19
130E-18
119E-193
538F-18
9172£-22
2lar-21
677F-18
S00F~-21
24RE-21
661F-22
220E-20
109€-~19
446F~21)
S67F-23
229K -21

‘h90E-19

33AF-21
S4aRE~22
130E-~-18
116E-~1.9
S500E-21

235£-21 .

235F~-21
S3RFE~1R
6775 -18
293F-21
661F-22
293F =20
653F-22

fP1E-27
220r =20
109F~19
8321 =20
Lunt ~20
706F =20
312F=2)
2hRE =19
690F~19
437 ~19
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Figure 4.9 (Continued)
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10 10 161 0.1200 653E~22

18 10.873 0,705 . 630F-21
17 - 19.875 n.0155 ) 130€-18 .
17 10.887 0.10195 : 119€-19 . .
1 - 10.927 0.4540 1616-23 [ 19ure 4.9 (Continued)
17 . 10,984 N.011 ' 253F<19
11 11.007 0.0185 -367€-21
17 11.061 0.00659 . 677F-~18
3 11.200 0.0200 466F-21
2 11.293 n.0418 293F-20
3 11.310 0.07°54 ’ 323fF-21
7 11.424 0.2760 - 143F-23 )
2 11.609 0.0250 532E-20
2 11.776 0.0220 79AE~20
11 11.806 0.0049 145E-20
09 11.852 0.0199 367F-21
2 11.874 0.0091 . 26RE-19
2 11.948 - 0.0NS75 437F-19
3 12,000 S 0.0269 . 299€-20
09 12.067 0.0218 344E-21
25 12.084 0.0791
11 12.160 0.0019 12RF-20
19 T 12.181 1.05 159g-22
3 12,316 0.0156 ' 696E-20
10 12.404 0.0461 653E-22
2 12.414 0,1574 390E-21 .
2 12.511 0.0279 - 337€e-21
09 12,521 0.0775 . 633E-22
09 12.651 0.00524 145F-20
2s 12.745 0.02899 4 .S9F ~-20
1. ' 12.877 0.0230 L4AF-21
1 13,004 0.1320 294E-21
17 13.119 0.379 ’ 101F-21
2 13.190 0.0489 299E-20.
2 13.508 0.0291 696E-19
7 13.543 0.1A10 950€-24
18 13.601 0.295 159€-22
1 13.A77 0.0957 293E-20
1 13.993 0.05R4 S32€-20
1 - 14,160 0.0342 786E£-20
1 164.257 0.0212 "26RE-19
1 14.332 0.0133 437E-19
35 .
0.02 0.1 0.2 0.5 0.6 0.8
1.00 1.50 2.00 2.5 . 2.75 3.0
3.25 3.50 3.75 4.0 4.5 S.0
6.0 7.0 A.0 10.79 10.81 11.0
11.25 11.27 11.99 12.01 13.39 13.41
- 13.59 1"3-61 14.2‘9 14031 1500 A
10000010010000000000 SAMPLE CASE NO. 2
0110000000
4
6 CARROM 12.011
7 NITROGFEN 14.004 -
8 OXYGEN 16,0
99 FLECTRNN 0.0006% _
001006002008 JANAF 37481 co2

~9408539+5 37042845 116722+2 151349~-2-300G26+6 B8N004AK+2 300, 2000,1 0.CN2
~04053G+5 IAS5I5]+5 14708K+2 137959=-3=-223029+7 TAR4R2+2 2000, 5000.1 0.C02
2008 JANAE 03/61 02
000000-0 2344408 8043704+) SI0ART2=-2-1S82718«f ATITING?  500. 3000.1 0.02
00NNON=0 2344605 103071472 7290991 -4~-TR3I0TQ+T7 A79730+2 3000, 5000.1 0.02
002007 . JANAF S A/A] . ) t2
0¢0 224490+5 ARSIIT+]1 RSAGION=1-214051+5 63HT20+2 300, 2000.1 0.M2

N+0 P21AS4+S5 RA3LAL+1 BUST780-4-140025+7 1765342 20100, 5000.1 0.N2
003006 ) JANMAF 12760 : o}



189699+6 371079+5

11863642 127695-2-28223H+6 8002#1*6 30U0. 2000,1 V.C3
1BGAGG+H 366234+S5 14RA4R89+2 PAALT3B- 5 -207743+7 798416+2 2000, S000.1 0.C3
00100ANN100AR JANAF 3/6]1 co
~266170+45 22645545 700344+1 BILRB3-3-3AR400+5 65478442 300, 2000,1 0.CO
=264170+5 22357645 BRASATIe+] q86015 =4=-123975+7 6S53701+2 2000, 5000,1 0.CO
1006 JANAF 03/61 : C
17088646 13550045 444633+1 223125~3 409R30+6 492870+2 S00. 3000,.1 0.C
170RRA+6 13550045 412212+1 251908~3 26PR86+7 492370+2 3000. S000,1 0.C
1006 01 07 _ “JANAF 2782 CN
109000+6 23249045 A5590K+1 115326-2 479517+6 6A97A0+2 500, 3000.1 0.CN
109000+6 232490+5 98RO13+41 313RS5S5-3-649453+7 669760+2 3000. 5000.1 0.CH
- 002006 JANAF G/s) cz2
18899G+6 246990+5 77661241 696081-3 185649+6 6$85519+2 500. 3000.1 0.C2
198999+6 246990+5 1041A24¢2 S5A6R4]1-4-640205+7 £85519+2 3000. S5000,1 0.C2
1007 JANAF 03/51 N
112965+6 13437045 4ARA944+]1 383516-6 YSH4L60+S 4R0300+2 500, 3000.1 0N
112965+6 13437045 42R9S57+1 240844=-3-417273+6/ 480900+2 3000. 5000,1 O«N
1007 01 08 JANAF 06743 NO
21580045 227000+5 B77623+1 BI99031-4-789656+6 63349N0+2 500, 3000.1 0.NO
21580045 22700045 9162AN+]1 657885-5-212519+7 6RR4Y0+2 3000. SN0N,1 0.NO
1008 ' JANAF 06/62 0
59559045 135220+5 467228+1 380768-5 154749+5 SN096N+2 500. 3000.1 =
595590+5 1352720+5 6574RG+1~2242AR=-3-RF1782+7 50066Nn+2 3000. S5000.1 0.0
1 99 CONVAIR 7PH=-122 12/61 E-
+1480]10+¢5+4098R51+1-272800-5-135900+6+144558+22000, 10000.1 £~
+140N10+544G8B51+1-272800~5-135900+6+164558+22000, 10000.1 £-
1 8 1 99 CONVATR ZPH-122 12/61 0-
4245000+45414943045+4216633+14+805240-3+4532500+7+492947+22000. 10000.1 O~
42645000+454149430+454216633+1+805240~3+4532500+7+432347+22000, 10000.1 O~
2 B -1 99 CONVAIRP 7PH-122 12/61 o2+
4279695+46+4248770+45+45047R9+1+4626340-3+4103500+8+677731+22000, 10000.1 02+
4279695+6+4248T730+4545947R9+1+626340~3+103500+R+677731+22000, 10000.1 02+
2 8 1 99 CONVAIR 7PH-122 12/61 02~
~205250+54267570+45+111480+2-656700-4-779100+7+699149+22000. 10000.1 02~
~203?50+5*?67570+5*111430*2 656700-4-779100+7+699143+22000,., 10000.1 o2-
1 6 -1 99 CONVAIR 7ZPH-122 12/61 C+
+4289RS 46*1%“120+§+4396§741*180700 4¢340000+5+484232+22000, 10000.1 C+
0428985+6+1501?0*54489657+l*180700 4+340000+5+4R4232422000. 10000.1 C+
1 7 -1 99 CONVAIR ZPH-122 12/61 N+
+446661+46+4151310+45+4501751414617100-4-184100+7+496847+22000. 10000.1 N+
+644664146+15131045+4501751+41+4617100-6~184100+7+4G6847+22000. 10000.1 N+
1 6 1 R -1 99 CONVAIR 7PH-122 12/61 Co+
429428346+ 243RIN+54893A194)1437R000-4-150G00+7+6AH6595+22000. 10000.1 Co+
429628346+ 243R30+5+4893619+1+4378000-4-150900+746456595+22000. 10000.1 Co+
1 7 1 8 -1 99 CONVATIR 7PH-122 12/61 NO+
+232919+6+241970+454+910216+41+4277600-4-316600+7+4654379+22000, 10000.1 NO +
4232919464241970+5+910216+414277600-4~316600+7+654379+422000, 10000,1 NO+
1 & -1 gq9 CONVATIR 720H-122 12/61 0+
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SECTION 5

OPERATING PROCEDURES

This program is written in FORTRAN V souxce 1anguage;
It has been run on the UNIVAC 1108, the Philco 212, the CDC
6600 and various subroutines have been run on the IBM 1130,
although some modifications to the source decks are required in
this case. It easily fits within the 66K core capacity of the 1108
computer; consequently, an overlay procedure is usually not re-

quired.

Card input and tabular output are on units M.and N, res-
pectively, where M and N are defined in the main routine. No

scratch tapes or othexr input/output devices are needed.

A control deck setup is shown in Figure 5.1 for the UNIVAC
1108. Compiled decks are often obtained from tape storage as
shown in the figure. Drum storage is also commonly used for this
machine, the deck setup being quite similar to that which is

snown.,

A control deck setup is shown in Figure 5.2 for the CDC
6600. Compiled decks are often obtained from common files as shown
in the figure. Tapes and permanent files are also commonly used
with this machine.
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) v EOF
' DATA
DECK /.
(SEE SECTION 2.)
v XQT MAIN

TRI X

IN X

v XQT CUR

VvASG X =PCF TAPE #

| 7 s108 - |

D RV S

FYICURE 5.1 CONTROL DiCX SEIUYP (UNIVZ\C 1108)
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SECTION 6

CODE DESCRIPTION

The RAD/EQUIL code performs four nearly autonomous functions.

These are:

(1) It obtains basic radiation property data, viz. frequency
grid, line group properties and absorption coefficient
data.

(2) It obtains the properties of the radiating layer, viz.
its size, spatial grid, radiation boundary conditions

and thermodynamic property distribution across the layer.
(3) It calculates continuum transport.
(4) It calculates line transport.

The code performs these functions through the use of three primary
computational modules.

The - first module performs. function (2) and is driven by
Subroutine DADIN., Its most important elements are Subroutine IN-
PUT (Reads the chemistry input data), EQUIL (drives the equilibrium
chemistry and shock wave calculations), THERM, CRECT, and MATER
(21l contribute to the chemistry calculation), RERAY (performs
matrix inversions during chemistry calculation), NODEN (converts
mole fractions to number densities) and DADIN (drives the module

and calculates partition functions).

The second module calculates continuum transport and is
driven by Subroutine CONTN. 1Its most important elements are Sub-
routines MU (calculates continuum absorption coefficients), TRANS
(calculates optical depths and spectral fluxes or intensities) and
CONTN (cdrives the calculation and performs frequency integration

to obtain total transport quantities.

The third module calculates the line correction to be added

-

A

O A |

.
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to the continuum transport and is driven by Subroutine LINT.
Its most important elements are Subroutine FREQ (sets up the

nodal grid in frequency), MULE {(calculates the line absorption

coefficients), TRANS (calculates optical depths and spectral

fluxes or intensities) and LINT (drives the calculation and
performs a frequency integration to obtain total transport
qualities). The liné corrections are obtained by taking the
difference between the combined (line + continuum) transport
quantities and the continuum transport quantities evaluated at
the "average" frequency of the line group. This calculation
is also done in Subroutine LINT.

The flow of the logic is shown in Figure 6.1 to 6.9.
Brief descriptions of the function of each subroutine zre given
in Section 6.1 to 6.22. ' '
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START

{ LIST NOMENCLATURE |

/

ASSIGN IHPUT/OUTPUT UNITS

¥

CALL RADIN

TO READ 1IN PERMANENT DATA

\

CALL DADIN
TO READ IN CASE DATA AND

CALCULATE PARTITION FUNCTIONS

bt

| —- 1

¥

CALL NODEN
TO CALCULATE THE NUMBER

DENSITIES OF THE RADIATING SPECIES

NODEN

~

CALL CONTN

TO CALCULATE CONTINUUM TRANSPORT

e CONTN

RV4

CALL LINT
TO CALCULATE LINE TRANSPORT

__YES

T

CONVERT THE RESULTS
TO ENGLISH UNITS

DOES A

/N

NEW™ CASE

Freuse 6.1. I'a1n Prooran Logic DIAGRAM

b

| IN—|

P
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LOOP ON CONTINUUM

AN

FREQUENCY POINTS

LOOP ON R
{ro
SPATIAL STATIONS 4

CALL MU
TO OBTAIN CONTINUUM ABSCRPTION COEFFICIENTS <

v

CALCULATE PLANCK FUNCTION (INTENSITY CALCU-
LATION) OR BLACK BODY EMISSIVE POWER (FLUX
CALCULATION)

_‘!,

38 CONTINUE |

LOOP ON l
SPATIAL STATIONS %

AT WHICH -
TRANSPORT 1S TO o
BE CALCULATED

CALL TRANS

TO CALCULATE TRANSPORT AT GIVEN .
SPATIAL STATION ’

7

{ 70 CONTINUE | -
¥
[WRITE OUT DEBUG INFORMATI ONl

{50 CLNTINUE]

LOOP Off SPATIAL

STATIONS AT WHICH %
TRANSPORT 1S T0 ’\E?)

BE CALCULATED I}
CALL TRAP
TO PERFORM INTEGRATION OVER FREQUENCY AT EACH |,/
SPATIAL STATION WHERE TRANSPORT IS TO BE CAL- [< | TRAP
CULATED

173 courrnu 1
WRITF OUT RESULTS OF CONTINUUM CALCULATION |

V.

[ RETUR ]

FIGURE 6.2, locic DracraM For Suzroutine CONTH

4
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ENTER
Y

CALL ZHV TO OBTAIN LOW FREQUENCY PHOTOIONIZATION
- CONTRIBUTIONS FOR THE C, O, N AND Nt ABSORPTION
COEFFICIENTS :

{

0 o—-——

CALCULATE CONTINUUM CONTRIBUTIONS TO THE ABSORPTION
COEFFICIENTS, WHEN NCRC (1) =1, THE CONTRIBUTION IS
INCLUDED, WHEN HCRC (1) =0, IT 1S NOT.

Y G e G e e T " " T —— T G o - S T - S . S o o T S> G —  ——

THE CONTRIBUTIONS ARE ADDED LINEARLY IN THE FOLLOWING
ORDER A

INDEX ON
nere(1) CONTRIBUTOR
1 NITROGEN HIGH LINE SERIES
2 0§YGEN HIGH LINE SERIES
3 N  (1-) BAND SYSTEM
l N- ° PHOTODETACHMENT
5 H- PHOTODE TACHMENT
6 0-  PHOTODETACHMENT
7 NO BAND SYSTEMS AND PHOTO-
T IONIZATION
8 N ATOMIC PHOTOIONIZATION
o EDGES -
9 0 ATOMIC PHOTOIONIZATION
| EDGES ‘
10 N*  PHOTOIONIZATION
11 O, - BAND SYSTEMS AND PHOTO-
DISSOCIATION
12 N,  BAND SYSTEMS
13 ) CO  BAND SYSTEMS
14 H,  BAND SYSTEMS AND PHOTO-
IONIZATION
15 C,  BAND SYSTEMS
16 CN BAND SYSTEMS
17 c ATOMIC PHOTOIONIZATION
EDGES
18 ct PHOTOIONIZATION
19 H PHOTOIONIZATION
20 C-  PHOTODETACHMENT

Y

e e oo ¥ e e e -
[ OBTALN TOTAL CONYRIPUTION |

[ returi |

FIGURE §.3. LOGIC DIAGRAM FOR SUzkouTine MU

L3

-r

d
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TO BE EVALUATED

ENTER WITH A FREGUENCY AND A SPATIAL STATION
AT WHICH THE SPECTRAL TRANSPORT INTEGRALS ARE

v

IS THE IMCREMENT IN OPTICAL
DEPTH ADJACENT TO THE INNER
BOUNDARY GREATER THAN THAT

ADJACENT TO THE OUTER BOUNDARY?

| _YES - IREVERSE THE
« |COORDINATE SCHEME

NO 1=
\

DOES THE SLAB
HAVE A SMALL YES

EVALUATE THE SPECTRAL
FLUX (INTENSITY) INTEGRALS

OPTICAL DEPTH AT
THIS FREQUENCY?

" NO
bV

CALCULATE A NEW COORDINATE
SYSTEM WITH EQUAL INCREMENTS
IN EMISSIVITY

|

EVALUATE THE SPECTRAL
FLUX CINTENSITY) INTEGRALS IN
THE NEGATIVE DIRECTION

Y

IN THE NEGATIVE DIRECTION
WITHOUT FURTHER CHAMNGES
TO THE SPATIAL COORDINATES

REPEAT THE CALCULATION FOR

THE SPECTRAL FLUX l

(THTENSITY) INTEGRALS IN THE POSITIVE DIRECTION

v

WAS THE VES
SPATIAL COORDINATE

SYSTEM REVERSED
INITIALLY?

NO

A
RETURY

St

CHANGE THE INDICES ON
THE OPTICAL DEPT?S AND

=! SPECTRAL FLUXES INTENSITIES)
TO IDENTIFY THEM WITH

THEIR PROPER SPATIAL STATICN

FIcuri G.Ml. LOGIC DIAGRAM FOR SUBROUTINE TRANS
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|

LOOP ON LINE GROUPS

.

]

DEFINE LINE INDICIES FOR CURRENT LINE GROUP

EXAMINE FIELD DATA. CALCULATE BLACK BODY FUNCTIONS,
OBTAIN CONTINUUM ABSORPTION CCEFFICIENTS
T

CALL FKREQ
TO OBTAIN FREQUENCY NODAL.GRID WITHIN THE LINE GROUP

o ien 2 - T T

®

LOOP ON NUMBER OF

SPATIAL STATICNS AT ‘DO‘

"WRICH TRANSPORT 18
CALCULATED

n
CALL TRANS

TO OBTAIN CONTINUUM CO&TRIBUTIONS 7O LINE GROUP RANS
G

{ WRITE OUT CONTINUUM TRANJPORT RESULTS '1

@

i
LOOP ON SUBGROUP . DOl
FREQUENCIES A

T CALL MULE e o
_TO OBTAIN LINE ABSORPTION COEFFICIENTS
.

[ CALCULATE TOTAL AQSOPP1IOI COEFFICIENT

\

< CALL RIS
TO ORTAIN TOTAL TRA'SPORT (LINE + COMTINUUM)

1500 CONTI Uz |
\

(—inTLGrATE SPECTRAL TRANSPORT QUANTITIES OVER FhEQUENCY] -

] s

(fCALCULATE DIFFERENCES BETWEEN TOTAL AND LINE CONTRIBUTIOQ@?

e
— 80 CONTINUE |

{ 50 CONTINUE |

*

v .
[SUi 70 OBTAIN TOTAL CONTRIBUTION TROM ALL LINE GROUPS |
J :
Y
TWRITE OUT RESULTS OF LINE CALCULATION |
!
[:REIEEE:]

Fiourt 6.5. Losic Diacram rok Susrouting LINT
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A ENTER
WITH A SPECIFIED LINE GROUP

\y
CHECK TO MAKE SURE THAT EACH LINE ASSIGNED TO THE
LINE GROUP HAS ITS CENTER FREQUENCY WITHIN THE

' BOUNDARIES OF THE LINE GROUP

LOOP O: THE LINES (7o

WITHIN THE LINE GROUP
\
FOR EACH LINE, CALCULATE THE STRETCHING PARAMETER ¥
(FORTRAN VARIABLE GAR): AND, FROM IT. ESTABLISH THE
MINIMUM FREQUENCY INCREMENT (GOR) AND THE DISTANCES
TO THE MOST REMOTE NODAL POINTS OMN EITHER SIDE
OF THE CENTER FREQUENCY (SM AND SP)

. N -

USING A NEWTOH-RAPHSON ITERATION., CALCULATE THE .

FACTORS, F (FORTRAN VARIABLE FX), USED TO

ESTABLISH THE GRCATH OF THE INCREMENTS BETWEEN
NODAL POINTS

CALCULATE THE NODAL POINTS FOR THE PARTICULAR LINE (FHVS)]
l - | -

A4
CALCULATE THE DISTANCE IN FREQUENCY SPACE

COVERED BY THE LINE (CFIL)

v

50 coMTINUE

\4

T

CALCULATE THE TOTAL NUMBER OF NODAL POINTS
WITHIN THE LINE GROUP

‘ RETJ&N !

Ficure 6.6. Locic DiacraM For Suzroutine FREQ




ENTER WITH A GIVEN
FREQUENCY POINT
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LOOP ON SPATIAL

CALCULATE THE STARK <

NO

HALF WIDTH

v

CALCULATE THE DOPPLER
HALF WIDTH

T

Y

ESTABLISH WHICH 1S THE
DOMINANT BROADENING»
MECHAHISH

V.

CALCULATE THE -LINFE SHAPE

FUNCTION USING EITHER THE
LORENTZ OR DOPPLER FORMULA

v

(Do
STATIONS
LOOP ON LINES /7o
WITHIN CINE =
GROUP T
ESTABLISH IDENTITY OF LINE ACCORDING TO THE SCHEME
LEVEL INDEX (ND) SPECIES
- g INC. NITROGEN
- | . OXYGEN
1/ - q CARBON
% - HYDROGEN
- N+ .
- 28 o+
_QQ‘ ) ct
CALCULATE THE LEVEL POPULATIONS
AND THE LINE STRENGTHS
IS IT A | ~ YES IS IT THE  fygs
HYDROGEN LYMAN «a., B
e OR THE BALMER v
LINE? a OR B LINE?
= * || CALCULATE THE LINE
. NOJ, SHAPE FUNCTION DIRECTLY

USING NUMERICAL DATA

FROM GREIM ET AL, (REF. U)

Y

CALCULATE THE CONTRIBUTION FROM EACH LINE TO..
|_THE ZBSORPTION COEFFICIENT

B COhTIhU |

.NAL*-

l L Ul\uj

T
>1950 cowrluué]

FIGURE 6.7, LOGIC DIAGRAM FOR SUBRCUTINE MULE

A



READ RADIATION
AND CHEMISTRY CONTROL
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— @

I

AL
THE
D IN?

VL,

PUT

T0

?

CARDS
"IS THE THERMOCHEMICAL ves
DATA PACKAGE s CALL INPUT
TO BE READ IN? .
1.
L= ,
IS A COMPLETE SET OF YES READ NIC,
NEW CASE DATA TO BE NICN, NY, N
READ IN? YY
N0 ARE THE OPTIC
DOES THE PROPERTIES OF
LAYER HAVE WALL TO BE REA
UNIFORM PROPERTIES?
YES
READ AVH, AH
YES NO TMSH, TMSWL
' 1
READ IN UNIFORM READ IN NONUNIFORH
CONDITIONS INPUT CONDITIONS IN
PACKAGE PACKAGE
d J
IS CHEMISTRY TO IS CHEMISTRY
BE CALCULATED? BE CALCULATED
NO ’YES - &Qul YES
V A}
CALL EQUIL CleALL EqQuIL
L L

‘iNO

I

(N2

READ C4 TO SEE
IF AN ADDITIONAL CASE

FOLLOYS

h 4

CALCULATE PARTITION FUNCTIONS

r

v,

WRITE OUT TABLE |

i)

END

Figure 6.8 Legic Diagram for Subroutine NDADIN
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CALCULATE PROPERTIES
ENTHALPY, MOLECULAR
WEIGHT, ETC.

WRITE QUTPUT BLOCK

|

ITERATIVE "<§D

l

OBTAIN PROPERTIES
OF SPECIES ——
CALL THERM

~
OBTAIN ERRORS
AND INFLUENCE

COEFFICIZNTS |€
CALL MATER

2

HAVE THE EQUATIONS
CONVERGED?

NO

INVERT NEWTON RAPHSON
CALL RERAY

4

OBTAIN CORRECTIONS |
TO VARIABLES
CALL CRECT |

Figure 6.9

>

YES
EQUATIONS T
(.______._.____

MATER

Logic Diagram for Subroutine FQUIL

S

I

-

-4

o
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6.1 MAIN

This routine is the program driver. It takes no part in the
calculations except to convert units. A logic diagram is given in
Figure 6.1.

6.2 SUBROUTINE RADIN

This subroutine reads in permanent data, wviz, that data such
as the continuum frequency points, the line group boundaries and cen-
ter frequencies, the number of lines, f-numbérs, line width functions,

etc., which are associated with the physics of radiative transport.

6.3 SUBROUTINE DADIN

This subroutine reads in case data, viz. that data which de-
fines the thermodynamic state (temperature, pressure, mole fraction
distributions) of the slab or ray being considered. It also calcu-

lates electronic partition functions.

6.4 SUBROUTINE NODEN

This subroutine calculates the number densities of the radiat-
ing species.

6.5  SUBROUTINE TRANS

This subroutine evaluates the spectral transport integrals.
This includes optical depths, positive and negative spectral fluxes
(or intensities).

6.6 SUBROUTINE CONTN

This subroutine organizes and drives the continuum calculation.
It also integrates the spectral transport quantities to obtain total
guantities.

6.7 SUBROUTINE MU

This subroutine supplies continuum absorption coefficients.
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6.8 SUBROUTINE ZHV

_ This subroutine does a particular calculation for Subroutine
MU. It calculates the low frequency contributions to the continuum
absorption coefficients from the N, O, N+ and C atoms.

6.9 SUBROUTINE LINT

This subroutine organizes and drives the line calculation.
It also integrates the spectral quantities to obtain total quanti-
ties. '

6.10 - SUBROUTINE FREQ

This subroutine calculates the nodal points in frequency used
in the line tranSport calculation.

6.11 SUBROUTINE MULE

This subroutine supplies the line absorption coefficients.

6.12 SUBROUTINE SLOPQ

This is a general service subroutine. Given a single func-
tion of an independent variable, it will calculate slopes and/or
integrals of the functions. Cubics are used as interpolation func-
tions.

6.13 SUBROUTINE OGLE

This is a general service subroutine. Given a single func-
tion of an independent variable, it will obtain intermediate points
by cubic interpclation.

6.14 SUBROUTINE LOGLE

This is a general service subroutine. It is essentially the
same as Subroutine OGLE except that the interpolation is done on the
logarithm of the varisbles.

o oy

ey

PRI
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6.15 SUBROUTINE ISLDV

This is a general service subroutine. It is essentially the
same as SLOPQ except that the logarithms of the dependent variable
are. fitted to obtain the slopes and integrals, rather than the de-
pendent variable directly. The resulting slopes and integrals are
those of the function, however.

6.16 SUBROUTINE TRAP

This is a general service subroutine. It performs integra-
tions using straight line interpolation formulas.

6.17 SUBROUTINE ITF

This is a special service subroutine. It is essentially the
same as ISLDV except where subroutine ISLDV obtains slopes and in-
tegrals at all the points describing the function. Subroutine ITF
considers those only within a specified range.

6.18 SUBROUTINE EQUIL

This subroutine is the program driver for the chemistry cal-
culation. It contains the basic iterative logs for the Newton-
Raphson procedure. When shock wave solutions are to be obtained
the pressure and enthalpy specifications are replaced by the momen-
tum and energy equations, respectively. The iteration proceeds as

before, yielding the coupled solution automatically.

6.19 SUBRCUTINE THERM

This subroutine evaluates molecular thermodynamic properties
(e.g., enthalpy, entropy, free energy, specific heat) and the equi-

librium constants appropriate to each formation reaction.

6.20 SUBROUTINE MATER

This subroutine evaluatecs the contributions of the base and
non-base species contributions to the mass balance equations. It
also calculates the matrix of partial derivatives of mass balance

errors with respect to log of base species partial pressures.
| }
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6.21 SUBROUTINE CRECT

This subroutine calculates the corrections to log partial
pressures of the non-base species. It scans all corrections and
determines maximum damping factor which will permit all corrections
to satisfy. certain constraints. It then corrects the variables.

6.22 SUBROUTINE INPUT

This subroutine reads in the chemistry input package.

6.23 SUBROUTINE RERAY

This is a general purpose matrix inversion subroutine.

-

'
-
e -
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SECTION 7

FORTRAN VARIABLES LISTING

» A list of nomenclature follows which defines the FORTRAN
variables. The variables used primarily in the radiation aspects
of the program are given in Figure 7.1; while those used pri-

marily in the chemistry calculation are given in Figure 7.2
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FORTRAN VARIABLES LI1IST

D D ap W T D e B ey D T s W GO VD Wt B gy G WP By W D e D G TP A Wt U p y T . T WD s > G S T WD AP D B it T S Ay S D W W S W WS S T W W e

A (NyNN)

AA
AAA
AB
ABS

ABER

ABSVA

ABX
AC
ACC
ACH
AHV
AHVL

ALF

ALPHA

ALPT (N)

AMOA

AMOB

APE (NsNN)

ERROR COEFFICIENT ARRAY IN CHEMISTRY SOLUTION, N PtRTAINS
TO EQUATIUN WHEREAS NN PERTAINS TO VARIABLE.

PRODUCT OF PRESSURE TIMES MOLECULAR WEIGHT.
DEFUNCT VARIABLEs SET TO UNITY.

LOCALLY DEFINED VARIABLE A

LOCALLY DEFINED VARIABLE

ABSOLUTE VALUE OF RATIO OF A MASS BALANCE ERROR TO LARGEST
TERM IN THAT MASS BALANCE.

ABSOLUTE VALUE OF CONTRIBUTION OF A SPCIES TO A MASS
BALANCE.

ABSOLUTE VALUE OF L0G CORRECTION ON TEMPERATURE
LOCALLY DEFINED VARIABLE

LOCALLY DEFINED VARLABLE

MAGH NUMBER .

WALL EMMITTANCE FOR CONTINUUM SPECTRAL POINTS
WALL EMMITANCE FOR LINE GROUPS

DERIVATIVE OF LOG MUOLECULAR WEIGHT WITH RESPECT YO LOG
TEMPERATURE AT CONSTANT PRESSURE

ALPHANUMERIC NAMES UOF RADIATING SPECIES

NUMBER OF ATOMS OF AN ELEMENT WITH ATOMIC NUMBER JAT(N) IN
A SPECIES.

ALPHANUMERIC VARIABLEZs FIRST UF TWO PORTIONS OF SPECIES
NAME «

ALPHANUMERIC VARIABLE, SECOND OF TWO PORTIONS OF SPECIES
NAME «

SAVED ARRAY A(NsNN) DURING INVERSION,

r T o o

EQTCOM

EQTCOM
EQPCOM
SLOPQ
SLOPQ

MATER

MATER

CRECT
sSLoPQ
SLOPQ

QUTPUT

RAD
RAD

EQUIL

DADIN

INPUT

INPUT

INPUT

EQUIL

L ]

|-




- ARPH

ARPHM

ATA(K)
ATB (K)

ATC(K)

BETA

BETH

85 (N)
BULP

BuUMP

C(K)
Cl
ce

Cc3

Ca

13

-73-

ELEMENTAL MASS FRACTION OF ATOM,
MAXIMUM CONTRIBUTION TO CALCULATION OF AN ARPH.

ALPHANUMERIC VARIABLEs FIRST Of THREE PORTIONS CF ELEMENT
NAME . : : v

ALPHAMUMERIC VARIABLE, SECONO OF THREE PORTIONS OF ELEMENT

NAME »

ALPHANUMERIC VARIABLE, THIRD OF THREE PORTIONS GF ELEMENT
NANME o '

LINE SHAPE FUNCTION (AS IT APPEARS IN EQUATION 42
OF REF. 1) .

PLANCK FUNCTION FOR INTENSITY CALCULATIONSs BLACK BODY
EMISSIVE POWER FOR FLUX CALCULATIONS

PLAMCK FUNCTION FOR INTENSITY CALCULATIONS, BLACK 80DY
EMISSIVE POWER FOR FLUX CALCULATIONS

PLANCK FUNCTION (FOR INTENSLITY CALCULATION) OR BLACK BODY
EMISSIVE POWER (FLUX CALCULATION} AT THE WALL

PLANCK FUNCTION (FOR INTENSITY CALCULATION) OR BLACK BODY
EMISSIVE POWER (FLUX CALCULATION) AT THE WwALL

ALPHANUMERIC NAMES OF ATOMIC AND IONIC RADIATING SPECIES

DERIVATIVE OF LOG MOLECULAR WEIGHT WITH RESPECT TO LOG
PRESSURE AT CONSTANT TEMPERATURE,

SAVED ARRAY OF B(N) DURING INVERSION,
LOG (BUMP).

1004 # P, CONSTRAINTS ON CORKECTIONS ARE RELAXED FOR
PARTIAL PRESSURES BELGY THIS VALUE.

GRAM ATOMS OF ELEMENT K IN A MOLECULE,

=] FOR UNIFORM CONDITIONSy WOT=1 FOR NONUNIFORM CONDITIONS

= DELTA FOR INTENSITY CALCULATION, = 2#DELTA FOR FLUX
CALCULATION

=0 IF A FULL SET OF NEW DATA IS 70O BE READs NOT =0, IF
ONLY THERMODYNAMIC AND PATH LENGTH DATA IS TO BE READ IN

=0 WHEN A NEW CASE FOLLOYSs =1 FOR LAST CASE

I

c

c

c

EQUIL
EQUIL
EQPCOM

EQPCOM

EQPCOM

MULE

CONTN

LINT

CONTN

LINT

DADIN

EQUIL

EQUIL
CRECT

CRECT

INPUT
RAD

RAD

RAD

RAD




CASE
CFIL

CFIL
CHFLUX

- CHIN)

CIJ(K+KK)
CP (J)
CPA

CTPF

bip

DIV
DIVC
DTD

DTH

DU

puse
oud3 -
DuB4
puas

-74-

ALPHANUMERIC NAME OF CASE BEING RUN

TOTAL DISTANCE IN FREQUENCY SPACE COVERtD BY LINES
{SUMMED OVER LINE GkOUP)

TOTAL DISTANCE IN FREQUENCY SPACE COVERED BY LINES
(SUMMED OVER LINE GKOUP)

LESS THAN ZERO VALUE IMPLIES PRESENCE OF CHAR ELEMENTS IN
SURFACE CHEMISTRY

CURVE FIT CONSTANTS FOR THEKMODYNAMIC DATA (THE QUANTITY
F2 H298 DISCUSSED IN GROUP 12 OF INPUT INSTRUCTIONS N=1
FOR LOW AND N=2 FOR HIGH TEMPERATURE RANGE

GRAM ATOM OF ELEMENT K IN BASE SPECIES KK,

SPECIFIC HEAT, .

LOCALLY DEFINED VARIABLE

FROZEN SPECIFIC HEAT» IDENTICAL TO CCPF .

FROZEN SPECIFIC HEAT OF GASs IDENTICAL TO CCPG .
EQUILIBRIUM SPECIFIC HEAT OF GASe

SLAB THICKNESS (CM) FOR FLUX CALCULATIONs OVERALL LENGTH
OF RAY (CM} FOR INTENSITY CALCULATION

THE DIFFERENCE BETWEEN FIIMT AND THE CORRESPONDING
CONTINUUM FLUX (OR INTENSITY) .

THE DIFFERENCE BETWEEN FIIPT AND THE CORRESPONDING
CONTINUUM FLUX (OR INTENSITY)

ROW NORMALIZING FACTOR IN GAUSSIAN ELIMINATION.

PRODUCT OF DIV AND ELEMENT OF ROW.

0O~ o o ~ o m

L
L

DOWNWARD TEHPéRATURE STEP USED IN SEEKING SURFACE EQUILIB- L

RIUM SOLUTION,
LIMIT VALUE OF DELTA (1./7) IN CHEMIS}RY SOLUTION.

L

UPWARD TEMPERATURE STEP USED IN SEEKING SURFACE EQUILIBRIUML

SOLUTION.

LOCALLY INPUT VARIABLESs IF NON-ZERO ASSIGNED TO FITMOL,
BASMOLs SIGMA AND EPUVRKs RESPECTIVELY

~rrer

RAD

FREQ
LINT
EQUIL
EQPCOM
EQPCOM

€QTCoM
MATER

EQTCOM

EQTCoM
EQUIL
RAD

LINT
LINT

RERAY
RERAY

EQUIL

CRECT

EQUIL

INPUT
INPUT
INPUT
INPUT

bed b bd Edd Bod

ég

Endd

Eod

[ 3
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DUM

DUM]

- UMl

buMl
OuUM2
ouMe

- DUMP

DY (J)
E(N)

EB (K)

EBL (K)
ECD (N)
ECRP
EER
EESE (N)
EHS

EL
EMSB
EMSBL
EMSW
EQSWL

EMT
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LOCALLY DEFINED VARIAGLE v
LOCALLY DEFINED VARIABLE L
LOCALLY DEFINED VARIASLE L
LOCALLY DEFIMNEU VARLABLE L
LOCALLY DEFINED YARIABLE L
LOCALLY DEFINED VARIABLE ¢ L
P # 10##7, LIMIT PRESSURE IN CONTROLLING DAMPING OF CHEM=- L
ISTRY SOLUTION.

CORRECTION ON VARIABLE Y(J)# IN CHEMISTRY SOLUTION. c
ERRORS IN CHEMISTRY EQUATIONS (MASS BALANCE ERRORS FOR N C
EQUAL TO OR LESS THAN IS®, EQUILIBRIUM ERRORS FOR N GREATER
THAM IS#, WHERE 1S® IS NUMBEK OF ELEMENTS INCLUDING ELEC-
TRON) .

MAGNITUDE COF LARGEST CONTRIBUTION TO K TH MASS BALANCE. C
MINIMUM CONTRIBUTION ACCEPTED YO K TH MASS BALANCE, c
+EB/ (10%%4)

RESIDUAL ERROR IN CONDENSED EQUILIBRIUM IMPOSED IN CHEMIS- L
TRY SOLUTION AS A CUNSEQUENCE OF BOUNDARY LAYER DAMPING,
LIMIT CHANGE CF CONUENSED SPECIES QUANTITIES DURING CHEMIS-C
TRY ITERATION,

EQUILIBRIUM ERROR OF CONDEMSED SPECIES BEING INTRGDUCED L
DURING CURRENT ITERATION.

RESIDUAL ERROR IM MASS BALANCE IMPOSED IN CHEMISTRY SOLU- L
TION AS A CONSEGUENCE OF BOUNDARY LAYER DAMPING.

ERROR IN ENTHALPY OR ENTROPY FOR ASSIGNED ENTHALPY OR EN- L
TROPY CHEMISTRY SOLUTIONS.

MAXIMUM EQUILIBRIUM ERROR, IDENTICAL TO EEL . c
NOT CURRENTLY USED ‘ L
NOT CURRENTLY USED L
SAME AS AHV L
SAME AS AHVL ' L
NEGATIVE EMISSIVITY OF THE LAYER (EQUATION 65 OF REF, 1) L

EQUIL
CRECT
EQUIL
MATER
EQUIL
MATER

CRECT

EQTCOM

EQTCOM

EQTCOM

EQTCOM
MATER
EQTCOM

MATER%

MATER
MATER

EQTCOM
DADIN
OADIN
DADIN

DADIN

TRANS



ENL

X
EPOVRK
EPS
EPT

ERr

€X

FF

FF(J)

FFA

FFF
FFI&(J)
FHY
FrVC
FHVM
FHVvP
FHvsS

FIIM

‘ FIIMY

|
’ FIIP
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MAXIMUM MASS BALANCE ERROR

DIRECTED TOWARD THE wWALL

ERROR IN OVERALL PRESSURE BALANCE. L MATER
EPSILON/K, GF REFERENCE SPECILS IN DIFFUSION CALCULATIONS C EQTCOM
ELECTRONIC ENERGY LEVEL C RAD
POSITIVE EMISSIVITY UF THE LAYER (EQUATION 64 OF REF. 1) L TRANS
ERROR IN MASS BALANCE RELATEON, ' L MATER
TEMPERATURE EXPONENT FOR STARK BROADENING (AS USED IN L MULE
EQUATION 44 OF REF. 1) :

F NUMBER UF INDIVIDUAL LINE IF AN UNLUMPED LOWER LEVEL C RAD

IS USED. OTHERWISE IT = G(II#*F/GEE(L) WHERE G(T) IS THE

STATISTICAL WT OF THE ABSORBING LEVEL AND GEE{(L) IS THE

STATISTICAL WT OF THE COMBINED LEVEL USED IN THE

CALCULATION

DIFFUSION FACTOR INTRODUCED BY THE APPROXIMATION FOR DIFFU-C EGPCOM
_SION COEFFICIENTS BY EQ(1S) OF NASA CR-1062. .

POWER ON MOLECULAR WEIGHT IF IT IS ASSUMED THAT THE DIFFU- C EQGPCOM
SION FACTURSs FF(J), ARE PROPORTIONAL TO SPECIES MOLECULAR

WEIGHTSs WTM(J) sRAISED TO A POWER.

RATIO OF GAS MOLECULAR WEIGHT TO 'VMU2!. L MATER
DIFFUSION FACTORs FF(J)y WHICH [S READ IN. L INPUT
MEAN FREQUENCY OF LINE GROUR C RAD
FREQUENCY OF A CONTINUUM SPECTRAL POINT C RAD
LOWER FREQUENCY LIMIT OF LINE GROUP C RAD
UPPER FREQUENCY LIMIT OF LINE GROUP C RAD
VALUES OF LINE FREQUENCIES WITHIN LINE GROUPS L LINT
INTEGRAL OVER THE SPECTRUM OF THE FLUX (OR INTENSITY) L CONTN
DIRECTED AWAY FROM THE WALL

THE TOTAL (LINE -AND CONTINUUM) FLUX (OR INTENSITY) L. LINT
ASSIGHNED TO A PARTICULAR LINE GROUP AND DIRECIED AWAY FROM

THE WALL ,

INTEGRAL OVER THE SPECTRUM OF THE FLUX (OR INTENSITY) L CONTN

1
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FLIPT

FIM
FIM

FIMI
FIMO

F IMO
Fip
Fip

FiPI
FirPo

FIPO

FLl
FL2
FLG
FLG1
FMU
FmMU

FMu

FNU(K)
FR

FRM
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THE TOTAL (LINE AND CONTINUUM) FLUX (OR INTENSITY)
ASSIGNED TU A PARTICULAR LINE GROUP AND DIRECTED TOWARD
THE WALL

CONTINUUM SPECTRAL FLUK (OR INTENSITY) DIRECTED AWAY FROM
THE wALL : :

CONTINUUM SPECTRAL FLUX (OR INTENSITY) DIRECTED AWAY

‘FROM WALL

CONTINUUM RADIATIVE FLUX AWAY FROM WALL (WATTS/CMZ)

THE SAME AS FIMy EXCEPT THAT IT IS AT THE NEXT LOWER
SPECTRAL POINT :

THE SAME.AS FIMy EXCEPT THAT IT IS AT THE NEXT LOWER
SPECTRAL POINT

CONTIMNUUM SPECTRAL FLUX (OR INTENSITY) DIRECTED TOWARD
THE walL : .

CONTIMUUM SPECTRAL FLUX (OR INTENSITY) DIRECTED TOWARD
THE WALL '

CONT INUUM RADIATIVE FLUX TOWARD WALL (NATTS/CMZ)

THE SAME Aé FIPy, EXCEPT THAT IT IS AT THE NEXT LOWER
SPECTRAL POINT

THE SAME AS FIP; EXCEPT THAT IT IS AT THE NEXT LOWER
SPECTRAL POINT

=1 FOR INTENSITY CALC.s =2 EOR FLUX CALC

SAME AS FL1

=0 FOR NORMAL PRINT-UUT, NOF=0 FOR EXTENSIVE PRINT~OUT
=0 FOR INTENSITY CALC, NOT=0 FOR FLUX CALC ’
CONTINUUH ABSORPTION COEFFICIENT

CONTINUUM ABSORPTION COEFFICIENT

THE CONTRIBUTION TO THE ABSORPTION DUE TO A PARTICULAR
LINE

VNU(J,K) FOR CURRENT J.
SPECIES MOLE FRACTIUN

THE SAME AS FIM

- o0 o 00

LINT

CONTN -
LINT

RAD

CONTNZ2
FINTZ
CONTN
LINT

RAD

CONTN2
LINT2

RAD
RAD
RAD
RAD
CONTN
LINT

MULE

C EQTCOM

C RADCOM

CONTN



FRP
GAM
GAM
GAMF (K)
‘GAMH(K).
GAMP
GAR
GEE
GOR

GuP

| HU)
" HCH
HCWAL
HG
HH
HH{D)
HIP
HMELT

HOS

HS
HY
HVL

1A

18(K)

IC(X)
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THE SAME AS FIP

ISENTROPIC EXPONENT.-

LORENTZ HALF WIDTH AT HALF INTENSITY
DEFINED BY EQ(79) OF NASA CR-1064.
DEFINED By EG(80) OF NASA CR-1064.

HALF LINE BREDTH PER ELECTRON AT 10,000 DCG K

LINE STRETCHING PARAMETER (DEFINED BY EQ. 71y REF 1)
STATISTICAL WEIGHTS OF ABSORBING (LOWER) LEVELS

FREQUENCY INCREMENT BETWEEN LINE CENTERvAND ADJACENT NODE

STATISTICAL WEIGHTS OF THE UPPER LEVELS OF THE LINE
TRANSITIONS '

ENTHALPYs IDENTICAL TO HH .

CHAMBER (OR STAGNATION) ENTHALPY.

ENTHALPY OF SURFACE SPECIES DURING KR(9) + 3 OR 4 OPTIONS.
ENTHALPY OF GASs IDENTICAL TO HHG

ENTHALPY OF MIXTURE (BTU/LBY |

ENTHALPYs IDENTICAL TO H(J)*.

ENTHALPY INPUT. ’ ,

HM(J) IF J TH SPECIES IS. CHANGING PHASEs OTHERWISE 0.

ENTHALPY OR ENTROPY OF SPECIES IN ASSIGNED ENTHALPY OR EN-
TROPY CHEMISTRY SOLUTION.

ENTHALPY UPSTREAM OF SHOCKWAVE {(BTU/LB)
CONTINUUM FREQUENCY POINT
FREQUENCY-0F AN INDIVIDUAL LINE CENTER

LINE GROUPS IN WHICH SPECIAL H LINES ARE LOCATED (ONE PER
GRQOUP)

INDEX ON SPECIES wITH LARGESY CONVTRIBUTION TO K TH MASS
BALANCEs SUBSEQUENTLY ORDERED ON IB WITH ODUPLICATES SET
T0 1C00.

NEGATIVE 1INDEX OF ELEMENT CURKESPONDING TO KTH BASE
SPECIES

o r o r o0 o0 6 r ror-

c

CONTN

-EQUIL

MULE
EQTCOM
EQrcoM
RAD
FREGQ
RAD
FREQ
LINE

EQTCOoM
EQUIL

EGPCOM
EQTCOM
RADCOM

EQTCOM

EQTCOM .

EQTCOM

MATER

RADCOM
MU
LINE
LINE

£QTCOM

INPUT

fd bod [od

fand Gl Buad Bl bl

1

g ka Lo L

fud &3 B3
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ICT

IE

IeR

IFC(Y)

IG

16

IL

IM(K)

1M1
IMJ
ML

IN

INP
INY

IQ

1u@

IR(K)
IRE
1sp

IsP
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CYCLE COUNTER ON POSYT INVER>ION MODIFICATIUN IN CHEMISIRY
SOLUTION

EQUATION [NDEX FOR CONDENSEV SPECIES,

EQUATION NUMBER TO KEPRESENT NEWLY APPEARING CONDENSE
SPECIES

COMTROL FLAG (0 GAS» =1 MONPRESENT CCONDENSED, 1 PRESENT
COMNDENSEDy PRIOR FLAUS DECREMENTED B8Y 3 1F SPECIES CONTAINS
NOMPRESENT ELEMENT OR INCREMENTED BY 3 IF IT IS A BASE SPE-
CIES REPRESINTING A NONPRESENT ELEMENT) e

NOMINALLY ZERO, EQUALS OME ON FIRST SET OF BOUNDARY LAYER
_CHEMISTRY SOLUTIONS. FIRST GUESS AT I IS SOLUTION AT

I‘IG.

ELIMINATION INDEX IN BASE SRECIES-ELEMENT CORRESPONDEMCE
" LOGIC, ’

INDEX ON FIRST CHEMISTRY EQUATION TO BE SOLVED (1 FOR UN-
KNOWN T AND 2 rOR KNOWN T).

ROW AND COLUMM INDEX IN INVERSION OF CIJ TO UM,
LOCAL INDEX

LOCAL INDEX -

LOCAL INDEX

NUMBER OF EQUATIONS BEING SULVED (HAS THE VALUE OF THE LU=
CAL VARIABLE ISPQ IF TEMPERATURE IS UNKNOWN OR 1SPQ-1 IF
TEMPERATURE 1S KNOWN) o

IN 2 .

FLAG OM RESTART OF CHEMISTRY (PERMITS ONLY ONE RESTART)

FOR EACH NON-BASE GASEOQOUS SPECIES INITIALIZED TO ZEROs SET
TO ONE IF SPECIES IS SIGNIFICANT IN ANY MASS BRALANCE.

DEBUG {~2) AND NONCONVERGENT{-1) FLAG ON CALL TO AMD RETURN
FROM RERAY» RESPECTIVELY.

CORRESPONDENCE VECTOR BETWEEN BASE SPECIES AND ELEMENTS,
INDEX ON NEWLY APPEARING CONDENSED SPECIES.
SAME AS ISP IN INPUT.

(15#=) 1 WHERE IS+ IS THE NUMBER OF ELEMENTS INCLUDING
ELECTRONS

L

C

-

O

EQUIL

MATER

EQTCOM

EQPCOM

EQUIL

INPUT

EQTCOM

INPUT
INPUT
INPUT
INPUT

EQTCOM

CRECT
EQUIL

MATER

EQUIL

"EQPCGM

EQTCOM
EQUIL

INPUT



ISPQ

1TFF

Kl,.K2

KAT(K)
KK

KPHA (N)
Ku

KR

L (N)

tc
LEFUP

LL(N)
LLL(N)

LS
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Y

NUMBER OF EQUATIONS SOLVED IN CHEMISTRY SOLUTIUNSs IS 2

‘NUMBER OF PRESENT CUNDENSED SPECIES.

NEGATIVE COUNT ON SUCCEEDING CHEMISTRY SOLUTIONS WHICH
WILL ACCEPT RESIDENT SOLUTION AS FIRST GUESS

COUNTER FQR CHEMISTRY ITERATIONS

DEBUG FLAG. ‘ .
NUMBER OF ELEMENTS INCLUDING ELECTRdN, IOENTICAL TO IS+,
LOCAL INDEX

LOCAL INDEX

L.OCAL INDEX

LOCAL INDEX

LOCAL INDEX

J-1y WHERE %J¢ IS BASE SPECIES COUNT.
LOCAL INDEX

LOWEST INDEX (K1) AND HIGHEST INDEX (K2) ON THE LINES IN
A GIVEN LINE GROUP

ATOMIC NUMBER,

LOCAL INDEX .

PHASE INDEX FOR A SPECIES, I*GAS; 2+S0LID,y 3+LIQUID.
CHEMISTRY CONTROL NUMBERS

RADIATION CONTRCL NUMBERS

INDEX ON COLUMNS DURING INVERSION.

LINE COUNT INDEX (FOR OUTPUT PURPOSES ONLY)

UPDATE LEF IF EQUAL TO ZERO (+MITS II-2 FOR BOUNDARY LAYER

SOLUTIONs OTHERWISE+]l).
ROW INDEX OF PIVOT FOR NTH COLUMN.
COLUMN INDEX OF PIVOT FOR NTH ROW.

INDEX USED TO REARRANGE COLUMNS IN RERAY (SEE LAR)

KN

r - o r r r o o r -~ - - rr rror

r

EQUIL

EQUIL

RERAY
EQPCOM
CRECT
EQUIL
INPUT
MATER
THERM
INPUT
EQUIL
LINé

EQPCOM
INPUT
INPUT
DADIN
INTCOM
RERAY
LINT

EQUIL

RERAY
RERAY

RERAY

[S——



te
L3

M1 eM2

MELT
MODE

MOE

N7
NAES
NBLP

NCRC

NCV

ND

NFM

NHV

NI
NIC
NICK

NICN

NIHVC
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INDEX ON PYROLYSIS GAS COMPONENT
INDEX ON CHAR COMPONENT

DESIGNATES INPUT UN1T (E.G.s TAPE)

- LOCAL INDEX

LOCAL INDEX

ALPHANUMERIC NAMES OF THE RADIATING SPECIES

INDEX ON PHASE CHANGIMG SPECIES.

STORED VALUE FOR KR(1)%,

FLAG SET IN EQUIL AND USED IN CRECT. ZERO RESULTS IN EM-
PHASIZING EQUILIBRIUM EQUATIONS DURING CHEMISTRY CONVER=-
GENCE s ONE RESULTS IN EMPHASIZING MASS BALANCES.
DESIGNATES QUTPUT UNIT (E.G+sTAPE)

ITERATION AT WHICH DIAGMNOSTIC OUTPUT WILL COMMEMNCE
NUMBER OF ATOMIC ELECTRONIC LEVELS (SuM OVER ALL SPECIES)

NUMBER OF SPATIAL NODES ACROSS THE BOUNDARY LAYER (NOT
NECESSARILY EQUAL TO NY)

USED TO DETERMINE WHICH CONTINUUM CONTRIBUTERS WILL BE IN~
CLUDED. =1 INCLUDES, =0 EXCLUDES

MONCONVERGENMCE COUNTy INITIALLY ZEROs INCREMENTED BY ONE
FOR EACH NONCOWVERGENT CHEMISTRY SOLUTION.

INDEX ON GROUND LEVEL OF TRANSITION

NUMBER OF SIGNIFICANT SPECIES PLUS NUMBER CF NONPRESENT
ELEMENTS )

NUMBER OF LINE GROUPS

YY IMNDEX wHERE LINE.COORDINATES ARE EVALUATED

NUMBER OF Y/DELTA POINTS WHERE TRANSPORT IS CALCULATED
NUMBER OF SPECIES CONSIDERED IN CHEMISTRY CALCULATION
INDICIES ON Y/DELTA VALUES WHERE TRANSPORT IS CALCULATED

TOTAL NUMBER OF CONTINUUM SPECTRAL POINTS

[ I 2 JEEE el aul & BN & B o ]

B e O

E£QTCOM
EQTCOM
INTCOH
CRECT
INPUT
RAD
EQTCOM
£QTCOM

EQUIL

INTCOM
EQUIL
RAD
RAD

CONTM
EQUIL

RAD

MATER

RAD
LINE
RAD
£QPCOoH
RAD |

RAD



NK

NLG.
NLG
~ NLGL
NLG1
NM.

NN

NN
NOL
NP

" NR

NSHV
NU
NXI
NY -
o7

P
PIN
PIN
PINL
PLM
PNUS (K)
PRES
oR

RA (N)
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. -

THE NUMBER OF FREQUENCY POINTS ASSIbNED TO EACH LINE
EQUALS 2%NK+1

THE SAME AS fLG.EXCEPT THAT IT IS A FIXED POINT VARIABLE
THE SAME AS FLG EXCEPT THAT IT 1S A FIXED POINT VARIABLE
THE SAME AS FLGL EXCEPT THAT IT IS A FIXED POINT VARIABLE
THE SAME AS FLG1 EXCEPT THAT IT IS A FIXED POINT VARIABLE
NUMBER OF ROWS LESS ONE .

NUMBER BY WHICH CULUMNS EXCEED ROWS IN PRINCIPAL ARRAY
NUMBER OF COLUMN VECTORS IN SECONDARY ARRAY

SAME AS XNOL

NUMBER OF COLUMNS IN PRIMARY ARRAY.

INDEX WHICH INDICATES IF THE COORDINATE SYSTEM IS TO BE

REVERSED DURING THE EVALUATION OF THE TRANSPORT INTEGRALS

NUMBER OF FREQUENCY POINTS PER LINE GROUP

NUMBER OF LINES IN EACH LINE GROUP

NUMBER OF SPECIAL H LINES (GAMP OF ZERO)

NUMBER OF Y/DELTA POINTS

INDEX WHICH INDICATES IF THE COORDINATE SYSTEM IS
SUITABLE. OT=} FOR AN OPTICALLY THIN LAYERs OT NOT EQUAL
TO 1 FOR OPTICALLY THICK LAYER

PRESSURE.

P # (10%®(~5)) USED TO INITY¥ALIZE PARTIAL PRESSURES.
SAME AS IN EQUIL.

LOG (PIND,

SUMMATION VN({J)#WTHM(J) FOR ALL CONDENSED SPECIES.

SUMMATION VNU(JsK) #* VN(J) OVER ALL GASES J.
PRESSURE (ATH)

NET RADIATIVE FLUX(3TU/FT2-SEC)

- - "> - ~-,. - r

-

o

r o -~ ~ r~ r~r"

HEAT OF FORMATION OF MOLECULE AT 298 DEG K FROM JANAF BASE L
STATE. CAL/MOLEs N+l OR 2 FUR LO¥ AND HIGH TEMPERATURE KAN~

“GES» RESPLCTIVLL\.

r o o o r

FREQ

CONTN
LINT
CONTN
LINT
RERAY
RERAY
RERAY
ouUTPUT
RERAY
TRANS

LINT
RAD
LINE
RAD

TRANS

£QrPCcouM
EQUIL
MATER
EQUIL
EQUIL
MATER
RAD
MAIN
INPUT

:!
23

.3

fod Eed

bomd

ki
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RC(JN)
RU (JsN)
RE (JyN)

RHR

RMMG

RMMGS
RSQA
S

s1

S1

Sa

S(N)

S8 (J)
SHIP
SIGMA
SIP

SL
SLAM(K)

SM

SM{J)
SMELT -

SP

~-83- P

CURYE FIT CONSTANT FOR THERMCUYNAMIC DATA (THE QUANTITY F3
DISCUSSED IN GROUP 4 OF INPUT INSTRUCTIONS), Nol OR 2 FUR
LOW  AND HIGH TEMPERATURE RANGES,RESPECT LVELY.

CURVE FIT CONSTANT FOR THERMODYNAMIC DATA (THE QUANTITY Fa
DISCUSSED IN GROUP & OF INPLT INSTRUCTIONS)s Nsl OR 2 FOR
LOW AND HIGH TEMPERATURE RAHGES,RESPECTIVELY.

CURVE FIT CONSTAMT FUR THERMOUYNAMIC DATA (THE QUAMTITY FS
DISCUSSED IN GROUP & OF INPUT INSTRUCTIONS)s Nel OR 2 FOR
LOW AND HIGH TEMPERATURE RANGES,RESPECTIVELY .

DENSITYe |

RATIO OF MOLECULAR WEIGHT (OSTAINED 8Y SUMMING PARTIAL
PRESSURES OVER ALL SPECIES) TU THE MOLECULE WEIGHT
(OBTAINED BY SUMHING OVER GAS PHASE SPECIES)

RMMG # RMMG

RMMGS*FFF /AA

AN ARRAY USED FOR LUCAL STORAGE IN MANY SUBROUTINES

AN _ARRAY USED FOR LOCAL STORAGE IN MANY SUSROUTINES

THE LINE ABSORPTION COEFFICIENT INCLUDING THE CONTRI-
BUTIONS DUE TO OVERLAPPING LINES AND ACCOUNTING FOR IN-
DUCED EMISSION =

AN ARRAY USED FOR LOCAL STORAGE IN MANY SUBROUTINES
LARGEST CONTRIBUTION TO TERM IN N TH COLUMN '
ENTROPY

SAVED VALUE OF INPUT ENTHALRY.

COLLISION CROSS SECTION FOR REFERENCE SPECIES

ENTROPY INPUT,

LINE STRENGTH

DEFINED BY EQ(83) OF NASA CR-1064,

FREQUENCY INCREMENT BETWEEN LINE CENTER AND-LOWEST
FREQUENCY NODE ASSIGNED TO THAT LINE

ENTROPY OF FUSION.
SM({J) IF J TH SPECIES IS CHANGING PHASEs OTHERWISE 0.

FREQUENCY INCREMENT BETWEEN LINE CENTER AND HIGHEST
FREQUENCY NODE ASSIGNED TO THAT LINE

r o rr o o - o r

(@)

EQPCOM
EQPCOM
EQPCOM

EQUIL

MATER

MATER

MATER

MULE

RERAY
EQTCOoM
EQUIL
EQTCOM
EQTCOM
MULE
EQTCOH

FREQ

EQPCOM.
EQTCOM

FREQ



sp

sP1
SPEASE
SK1
s
SSIP

SUMG

SUML
SUMN
fsvy
T
o
Tl
T1

TAU
TAU

TAU(KyKK)

TAUC
TAUT

TEE

TF (J)
TFMAX
THETA
TION

TK(KeN)
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" ELEMENTAL MASS FRACTIONS

PRESSURE UPSTREAM OF SHOCKWAVE (ATM)

SAVED VALUE dF PIEASE

OENSITY UPSTREAM OF SHOCKWAVE (LB8/CUBIC FT)
LOCALLY DEFINED VARIABLE

SAVED VALUE OF INPUT ENTROPY,

OFF~DIAGONAL COLUMN SUMS OF GAMK USED TO STRENGTHEN
DIAGONAL OOMINANCE UF ARRAY

LOG (SUMN/P)
SUMMATION OF PARTIAL PRESSURES FOR ALL GAS PHASE SPECIES.
VELOCITY UPSTREAM OF SHOCKWAVE (FT/SEC)

STATIC TEMPERATURE In DEG Ks IDENTICAL TO Z .

TEMPERATURE IN UNITS OF KT(EV) o

TEMPERATURE IN UNITS OF KT(EV)

TEMPERATURE IN UNITS OF KT(EV)

" CONTINUUM OPTICAL DEPTH FOR INTENSITY CALCULATION,

TWICE THAT FQR A FLUX CALCULATION

CONTINUUM OPTICAL DEPTH FOR INTENSITY CALCULATION,
TWICE THAT FOR A FLUX CALCULATION

INTERMEDIATE ARRAY USED IN FORHING UM,

OPTICAL DEPTH AT THE LINE CENTER FOR INTENSITY CALCU-

~ LATIONy TWICE THAT FOR A FLUX CALCULATION

TOTAL (LINE AND CONTINUUM) OPTICAL DEPTH FOR INTENSITY
CALCULATIONy TWICE THAT FOR A FLUX CALCULATION

TEMPERATURE (DEG. K)

FAIL TEMPERATURE OF SéECIES Je

MAXIMUM FAIL TEMPERATURE OF CANDIDATE SURFACE SPECIES.
ANGLE OF SHOCKWAVE

TEMPERATURE BELOW Wi{ICH IONIZATION WILL 8E SURPRESSEb

GRAM ATOMS OF ELEMENT K PER UNIT MASS OF COMPONENT N.

- rc" o " o0

o

i T e o |

(@) - O r m O

RADCOM
RADCOM
EQUIL
RADCOM
SLOPQ
EQUIL
EQUIL

EQTCOM
EQTCOM

EQPCOM
CONTN
LINT
MU

CONTN
LINT

INPUT

FREQ
LINT

RAD
EQPCOM
INPUT
RADCOM
EQUIL

£QPCOoM

bk d

bd i

3

R



TLCM
TLCP

™

TMAX
TMIN
TMSW

TMSWL

T™MU

TQ(KyN)

TS
17
TTMAX
TTMIN

TU(J»N)

™

UGH

UM (KyKK)
v

VA

VA

VA

VA

va

vy
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LINE CORRECTION TO FLUX (OR INTENSITY) AWAY FROM WALL

LINE CORRECTION TO FLUX (OR INTENSITY) TOWARD WALL

MAXIMUM OR MINIMUM TEMPERATURE IF OELTA T IS POSITIVE OR
NEGATIVEs RESPECTIVELY.

MAXIMUM TEMPERATURE ALLOWED FOR CURRENT ITERATION.

MINIMUM TEMPERATURE ALLOWED FUR CURRENT ITERATION,.

TRANSMITTANCE OF WALL AT CONTINUUM FREQUENCIES

TRANSMITTANCE OF WALL AT AVERAGE FREQUENCIES OF
LINE GROUPS

TOTAL (LINE AND CONTINUUM) ABSORPTION COEFFICIENT

GRAM ATOMS OF BASE SPECIES K PER UNIT MASS OF COMPONENT N.

(SEE W(N) FOR DEFINITION OF COMPONENTS).

PHASE CHANGE TEMPERATURE.

TEMPERATURE (DEG. R)

MAXIMUM TEMPERATURE ALLOWED FOR THIS SOLUTION.

MINIMUM TEMPERATURE ALLOWED FOR THIS SOLUTION,

UPPER TEMPERATURE GOF TEMPERATURE RANGE FOR INPUTTING
THERMODYNAMIC PROPERTY DATA FOrR SPECIES J> N=1 OR 2 FOR

WALL TEMPERATURE

LOWER AND UPPER TEMPERATURE RANGESH

(DEG. K)

RESPECTIVELY

NORMALIZING FACTOR IN GAUSSEAN tLIMINATION,

MOLECULES OF BASE SPECIES K IN ELEMENT KK.

LOCALLY
LOCALLY
LOCALLY
LOCALLY
LOCALLY
LOCALLY

LOCALLY

DEFINED
DEFINED
DEFINED
DEFINED
DEFINED
DEFINED

DEFINED

VARIABLE
YARIABLE
VARIABLE
VARIABLE
VARIABLE
VARIABLES

VARLABLES

(]

O

o 0O 0O O

-~ - -~ r r r r ~ [}

L INE
LINE
CRECT

EQTCOM
caTcoM
RAD

RAD

LINT

EQPCoM

INPUT

RADCOM
EQTCOM
EQTCOM

ECPCOM

RAD

INPUT
INPUT
INPUT
CRcCY
INPUT
MATER
THERM
INPUT

THERM



Ve
vC

v

)

VE

VE

VEL
VELSQ
VINT
VLNK ()
~ VMACH

| vMu2
VMY
YN(J)

VNU (J 1K)

WAT (K)
o

WM

woL

w1

wiG
wit
WiM(J)
X(N)
Xl

XAPNU |

X0
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LOCALLY DEFINED VARIABLES
LOCALLY DEFINED VARIABLES
LOCALLY DEFINED VARIASLES
LOCALLY DEFINED VARIABLES
LOCALLY DEFINED VARIABLES
LOCALLY DEFINED VARLABLES
VELOCITY.

SQUARE OF VELOCITY.
P # 10%%(-6)

LOG KP FUR FORMATION REACTION OF J TH SPECIES.
MACH NUMBER

SAME AS VMU2 IN PROPS.

MEAN MOLECULAR WEIGHT OF MIXTURE

PARTIAL PRESSURE.,

STOICHIOMETRIC COEFFICIENT ON K TH BASE SPECIES IN FORMA-

TION OF J TH SPECIES.

ATOMIC WEIGHT,

DOPPLER HALF WIDTH AT HALF INTENSTTY
MOLECULAR WEIGHT OF MIXTURE.

NUMBER DENSITY OF N2+

MOLECULAR WEIGHT AS SUMHED.

" PRESSURE ®# GAS MOLECULAR WEIGHT.

SUMMATION OF VN(J) # WTM(J) FOR ALL CONDENSED_SPECIES.

MOLECULAR WEIGHT OF SPECIES J.

CORRECTIONS OF NONLINEAR VARIABLES IN CHEMISTRY SOLUTION.

DAMPED VALUE 0of ODELTA LN T.

CONTINUUM ABSORPTION COEFFICIENT CORRECTED FOR INDUCED

EMISSION

LOCALLY OEFINED VARIABLE

INPUT
THERM
INPUT
THERM
INPUT
THERM
EQUIL
EQUIL
INPUT
EQTCOM
EQUIL
MATER
RADCOM
EQPCOM

EQPCOM

EQPCOM
MULE
£QPCOM
RAD
INPUT
MATER
MATER
EQPCOM
EQTCOM
CRECT

MU

SLOPQ

e

. ¢

L

)

J——



XF

XIM
X1ip

X3W

XJWL

XMOL

XMOL

XNN
X0T
XOTT
XpP
XQ
XT0
XTT
XXAN

Y{J)

YC
YINT
YS
Yw({K)

YY
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GROWTH FACTOR FOR LINE FREQUENCY MNOUDES (DEF INED BY L
EQUATIONS 69 AND 70 uF REF 1)

NEGATIVE SPECTRAL FLUX (OR INTENSITY) L
POSITIVE SPECTRAL FLUX (OR INTENSITY) L

COMNTINUUM FLUX (CR INTENSITY) LEAVING WALL AMD INCLUDING L
REFLECTED AND EMITTru COMPOMENTS

LINE FLUX (OR INTENSITY) LEAVING WALL AND INCLUDING ' L
REFLECTED AND EMITTED COMPONENTS

=1 MOLECULAR CONTRIBUTIONS TO THE ABSORPTION COEFF ARE C
INCLUDED» =0 THEY ARE NOT INCLUDED

WEIGHT FACTOR TO BE APPLIED TO THE CONTRIBUTION‘OF A LINE C
TO ACCOUNT FOR THE CONTRIBUTIONS OF OTHER LINES #ITH
IDENTICAL PROPERTIES, WHICH ARE ALSO WITHIN THE LINE GROUP,
NUMBER DENSITIES OF RADIATING SPECIES

LOCALLY DEFINED VARIABLE

LOCALLY DEFINED VARIABLE

NUMBER DENSITY OF THE ABSORBING LEVEL

ELECTRONIC PARTITION FUNCTION

LOCALLY DEFINED.VARIABLE

LOCALLY DEFINED VARIABLE

NUMBER DENSITIES OF RADIATING SPECIES (DUPLICATE MEANING)

oo o -0

NATURAL LOG OF PARTIAL PRESSURE (+0 FOR PRESENT CONDENSED
SPECIES)s IDENTICAL TO YYY(J) .

INITIAL VALUE OF Y(J),
ALOG(VINT)

LOCALLY DEFINED VARIABLE

VALUE OF YYY(J) AT wALL (SAVED).

VALUES OF Y/DELTA POINTS -

o o0 o6 - rror

STATIC TEMPERATURE IN DEG Ks IDENTICAL TO T#,

FREQ

TRANS
TRANS

CONTN

CONTN

RAD

LINE

LINE
SLOPQ
SLOPQ
MULE
RAD-
SLOPQ
StL¢PQ
LINE

EQPCOM

INPUT

SINPUTY

SLOPQ
EQPCOM
RAD

EQPCOM
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